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This MOSFET 
databook 
offers an extensive 
line of power 
MOSFET 
products 
for use in a 
wide range of consumer, 
industrial 
and high-reliability 
applications. 
This databook 
contains 
detailed 
technical 
information 
on the 
broad 
line of more 
than 
1000 
power 
MOSFETs, 
including 
standard 
power 
MOSFETs 
(the 
popular 
RF-series 
types, 
the 
IRF-series 
of 
industry 
replacement 
types, 
and JEDEC 
types), 
MegaFETs, 
logic-level 
power 
MOSFETs 
(L2FETs), 
ruggedized 
power 
MOSFETs, 
enhancement-mode 
insulated 
gate 
bipolar 
transistors 
(IGBTs), 
advanced 
discrete, 
high-reliability 
and 
radiation-hardened 
power 
MOSFETs. 


The databook 
is divided 
into fifteen 
major sections. 
Section 
1 includes 
a complete 
index of 
types and industry 
replacement 
guides. 
Brief profiles 
of the various 
product 
categories 
are 
then presented. 


Separate 
data 
sections 
provide 
definitive 
ratings 
and 
characteristics 
for 
each 
major 
category 
of 
devices. 
Data 
pages 
for 
individual 
devices 
are 
organized 
in 
numeric- 
alphanumerical 
sequence 
for each section. 
Because 
some devices 
are grouped 
together 
to 
show similarity 
of function 
or data, some individual 
types numbers 
may be out of sequence. 
If you have difficulty 
finding 
a type 
number 
check 
the Index of Devices, 
Section 
1. 


For complete, 
current 
and 
detailed 
technical 
specifications 
on any Harris 
device 
please 
contact 
the nearest 
Harris sales, representative 
or distributor 
office see complete 
worldwide 
listing 
in Section 
15, page 
15-1. 


For general 
information 
regarding 
Harris 
Semiconductor 
and its products, 
call 1-800-4-HARRIS 
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See our CAPS 
specs in 
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Harris Semiconductor 
products 
are sold by description 
only. All specifications 
in this 
product 
guide are applicable 
only to packaged 
products; 
specifications 
for die are 
available upon request. Harris reserves 
the right to make changes 
in circuit 
design, 
specifications 
and other information 
at any time without 
prior notice. Accordingly, 
the reader 
is cautioned 
to verify 
that information 
in this publication 
is current 
before 
placing 
orders. 
Reference 
to products 
of other 
manufacturers 
are solely 
for 
convenience 
of 
comparison 
and 
do not 
imply 
total 
equivalency 
of design, 


performance, 
or otherwise. 


mHARRIS 


General Information 
• 


Industry Replacement Guide. 


Product Profiles 


N-Channel Power MOSFETs • 


P-Channel Power MOSFETs • 


Logic Level Power MOSFETs • 


Insulated Gate Bipolar Transistors • 


Intelligent Discretes • 


Military and Rad-Hardened Power MOSFETs • 


Preview products. 


Power Drivers and Switches • 


Ultra-Fast Rectifiers. 


Application Notes. 


Dimensional Outlines and Mounting Hardware. 


Sales Office Information • 


POWER MOSFETs 
PRODUCTS TECHNICAL ASSISTANCE 


For 
technical 
assistance 
on 
the 
Harris 
products 
listed 
in 
this 
databook, 


please contact the Field Applications Engineering staff available at one of the follow- 
ing Harris Sales Offices: 


ALPHA NUMERIC PRODUCT INDEX 
. 


PRODUCT INDEX BY FAMILY 
. 


INSULATED GATE BIPOLAR TRANSISTORS 
. 


INTELLIGENT DISCRETES 
: 
. 


LOGIC lEVEL 
POWER MOSFETs ...•.........•................................................. 


N-CHANNEl 
POWER MOSFETs 
. 


P-CHANNEl 
POWER MOSFETs 
. 


POWER DRIVERS AND SWITCHES .....•.......................•...................•............ 


PREVIEW PRODUCTS 
. 


ULTRA· FAST RECTIFIERS 
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N-CHANNEL POWER MOSFETs (Continued) 


IRF220, IRF221, IRF222. IRF223 
N-Channel Enhancement-Mode 
Power Field-Effect Transistors 
. 


IRF230/231/232J233, 
N-Channel Power MOSFETs Avalanche Energy Rated" 
. 
IRF230Rl231 Rl232R1233R 


IRF234, IRF235. IRF236, IRF237 
N-Channel Power MOSFETs Avalanche Energy Rated 
. 


IRF240/241/242J243. 
N-Channel Power MOSFETs Avalanche Energy Rated" ................•... 


IRF240Rl241 Rl242R1243R 


IRF244, IRF245, IRF246. IRF247 
N-Channel Power MOSFETs Avalanche Energy Rated 
. 


IRF250/251/252J253. 
N-Channel Power MOSFETs Avalanche Energy Rated" ..........•......... 


IRF250Rl251 Rl252R/253R 


IRF254, IRF255. IRF256. IRF257 


IRF320, IRF321, IRF322. IRF323 


IRF330/331/332J333, 
IRF330Rl331 Rl332R/333R 


IRF340/341/342J343. 
IRF340Rl341 Rl342R/343R 


IRF350/351/352J353. 
IRF350R/351 Rl352R/353R 


IRF360, IRF362 


IRF420, IRF421, IRF422. IRF423 


IRF430/431/432J433, 
IRF430R/431 Rl432R/433R 


IRF440/441/442J443, 
IRF440Rl441 Rl442R/443R 


IRF450/451/452/453. 
IRF450Rl451 Rl452R/453R 


IRF460, IRF462 


IRF510/511/512J513, 
IRF510R/511 Rl512R/513R 


IRF520/521/522/523. 
IRF520R/521 Rl522R/523R 


IRF530/531/532J533. 
IRF530Rl531 Rl532R/533R 


IRF540/541/542/543. 
IRF540Rl541 Rl542R/543R 


IRF610/611/612/613, 
IRF61ORl611Rl612R/613R 


IRF620/621/622J623, 
IRF620R/621 Rl622R/623R 


IRF624, IRF625. IRF626. IRF627 
N-Channel Enhancement-Mode 
Power Field-Effect Transistors 
. 


IRF630/631/632J633. 
N-Channel Power MOSFETs Avalanche Energy Rated" 
. 


IRF630R/631 R/632R/633R 


IRF634, IRF635. IRF636, IRF637 
N-Channel Power MOSFETs Avalanche Energy Rated .........•.....•..... 


IRF640/641/642J643. 
N-Channel Power MOSFETs Avalanche Energy Rated" 
. 


IRF640R/641 R/642R/643R 


IRF644. IRF645. IRF646. IRF647 
N-Channel Power MOSFETs Avalanche Energy Rated 
. 


IRF710171117121713. 
N-Channel Power MOSFETs Avalanche Energy Rated" ...............•.... 


IRF710R/711 R/712R1713R 


N-Channel Power MOSFETs Avalanche Energy Rated 
. 


N-Channel Enhancement-Mode 
Power Field-Effect Transistors 
. 


N-Channel Power MOSFETs Avalanche Energy Rated" 
. 


N-Channel Power MOSFETs Avalanche Energy Rated ...........•.....•... 


N-Channel Enhancement-Mode 
Power Field-Effect Transistors ........•...... 


N-Channel Power MOSFETs Avalanche Energy Rated" ..........•.....•... 


N-Channel Power MOSFETs Avalanche Energy Rated ........•.....•...... 


N-Channel Power MOSFETs Avalanche Energy Rated" ....•............... 
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4-309 
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4-329 


N-CHANNEL POWER MOSFETs (Continued) 


IRF720n21n221723. 
N-Channel Power MOSFETs Avalanche Energy Rated" 
. 


IRF720Rn21 Rn22Rn23R 


IRF730n31n321733. 
IRF730Rn31 Rn32Rn33R 


IRF740n41n421743. 
IRF740Rn41 Rn42Rn43R 


IRF820/821/8221823. 
IRF820Rl821 Rl822R/823R 


IRF830/831/832/833. 
IRF830Rl831 Rl832R/833R 


IRF840/841/842/843. 
IRF840Rl841 Rl842R/843R 


IRFAC40R/42R 


IRFBC40Rl42R 


IRFD110/111/112/113. 
IRFD110R/111 Rl112R1113R 


IRFD120/121/122/123. 
IRFD120Rl121 Rl122R1123R 


IRFD1Z0.IRFD1Z1.IRFD1Z2. 
IRFD1Z3 


IRFD210/211/212/213. 
IRFD210Rl211 Rl212R1213R 


IRFD220/221/222/223. 
IRFD220R/221 Rl222R1223R 


IRFD2Z0. IRFD2Z1. IRFD2Z2. 
IRFD2Z3 


IRFD310/311/312/313. 
IRFD310Rl311 Rl312R1313R 


IRFD320/321/322/323. 
IRFD320Rl321R1322R1323R 


IRFF110/111/112/113. 
IRFF110Rl111 Rl112R1113R 


IRFF120/121/122/123. 
IRFF120Rl121 Rl122R1123R 


IRFF130/131/132/133. 
IRFF130R/131 R/132R/133R 


IRFF210/211/212/213. 
IRFF210Rl211 Rl212R1213R 


IRFF220/221/222/223. 
IRFF220R/221 Rl222R/223R 


IRFF230/231/232/233. 
IRFF230Rl231R1232R1233R 


IRFF310/311/312/313. 
IRFF310Rl311R/312R/313R 


IRFF320/321/322/323. 
IRFF320Rl321 Rl322R1323R 


IRFF330/331/332/333. 
IRFF330R/331 Rl332R1333R 


N-Channel Power MOSFETs Avalanche Energy Rated ........•.....•...... 


N-Channel Power MOSFETs Avalanche Energy Rated ........•.....•...... 


N-Channel Power MOSFETs Avalanche Energy Rated" 
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N-CHANNEL POWER MOSFETs (Continued) 


IRFF420/421/4221423, 
N-Channel Power MOSFETs Avalanche Energy Rated' ...•.....•.......... 


IRFF420R/421 R/422R/423R 


IRFF430/431/4321433, 
IRFF430R/431R/432R/433R 


IRFP140R, IRFP141 R, IRFP142R, 
N-Channel Power MOSFETs Avalanche Energy Rated ....•.. 
_ 
. 


IRFP143R 


IRFP150/151/1521153, 
IRFP150R/151R/152R/153R 


IRFP240R, IRFP241 R, 
IRFP242R, IRFP243R 


IRFP244, IRFP245, IRFP246, 
IRFP247 


IRFP250/251/252/253, 
IRFP250R/251 R/252R/253R 


IRFP254, IRFP255, 
IRFP256, IRFP257 


IRFP340R, IRFP341 R, 
IRFP342R, IRFP343R 


IRFP350/351/352/353, 
IRFP350R/351 R/352R/353R 


IRFP360, IRFP362 


IRFP440R, IRFP441 R, 
IRFP442R, IRFP443R 


IRFP450/451/452/453, 
IRFP450R/451R/452R/453R 


IRFP460, IRFP462 


IRFPC40R, IRFPC42R 


IRFPG40, IRFPG42 


IRFR120,IRFR121,IRFU120, 
IRFU121 


IRFR220/221/222, 
IRFU220/221/222 


IRFR320/321/322, 
IRFU320/321/322 


IRFR420/421/422, 
IRFU420/421/422 


RFL1N08, RFL1N10 


RFL1N12, RFL1N15 


RFL1N18, RFL1N20 


RFL2N05, RFL2N06 


RFP2N08, RFP2N10 


RFP2N12, RFP2N15 


RFP2N18, RFP2N20 


RFM3N45, RFM3N50, RFP3N45, 
RFP3N50 


RFP4N05,RFP4N06 


RFL4N12, RFL4N15 


N-Channel Power MOSFETs Avalanche Energy Rated 
. 


N-Channel Power MOSFETs Avalanche Energy Rated ................•.... 


N-Channel Power MOSFETs Avalanche Energy Rated 
. 


N-Channel Power MOSFETs Avalanche Energy Rated 
. 


High Voltage N-Channel Enhancement-Mode 
Power Field-Effect Transistors 
. 


N-Channel Power MOSFETs Avalanche Energy Rated 
. 


N-Channel Enhancement-Mode 
Power Field-Effect Transistors 
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N-Channel Enhancement-Mode 
Power Field-Effect Transistors 
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N-Channel Enhancement-Mode 
Power Field-Effect Transistors 
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N-Channel Enhancement-Mode 
Power Field-Effect Transistors 
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N-Channel Enhancement-Mode 
Power Field-Effect Transistors ...........•... 


N-Channel Enhancement-Mode 
Power Field-Effect Transistors 
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N-Channel Enhancement-Mode 
Power Field-Effect Transistors 
. 


N-Channel Enhancement-Mode 
Power Field-Effect Transistors .....•......... 


N-Channel Enhancement-Mode 
Power Field-Effect Transistors 
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N-Channel Enhancement-Mode 
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N-CHANNEL POWER MOSFETs (Continued) 


RFM4N35. RFM4N40. RFP4N35. 
N-Channel Enhancement-Mode 
Power Field-Effect Transistors 
. 


RFP4N40 


RFP4N100 
High Voltage N-Channel Enhancement-Mode 
Power Field-Effect Transistor 
. 


RFM6N45. RFM6N50. RFP6N45, 
N-Channel Enhancement-Mode 
Power Field-Effect Transistors 
. 


RFP6N50 


RFM7N35. RFM7N40. RFP7N35. 
N-Channel Enhancement-Mode 
Power Field-Effect Transistors .......•....... 


RFP7N40 


RFM8N18, RFM8N20. RFP8N18. 
N-Channel Enhancement-Mode 
Power Field-Effect Transistors 
. 


RFP8N20 


RFM10N12, RFM10N15. 
RFP10N12.RFP10N15 


RFH10N45,RFH10N50 


RFM10N45,RFM10N50 


RFM12N08. RFM12N10. 
RFP12N08.RFP12N10 


RFM12N18. RFM12N20. 
RFP12N18.RFP12N20 


RFH12N35.RFH12N40 


RFM12N35.RFM12N40 


RFD14N05.RFD14N05SM, 
RFP14N05 


RFM15N05, RFM15N06. 
RFP15N05,RFP15N06 


RFM15N12, RFM15N15. 
RFP15N12,RFP15N15 


RFD16N05.RFD16N05SM 


RFM18N08, RFM18N10. 
RFP18N08,RFP18N10 


RFP22N10 


RFP25N05 


RFM25N06,RFP25N06 


RFH25N18.RFH25N20 


RFK25N18.RFK25N20 


RFH30N12.RFH30N15 


RFK30N12.RFK30N15 


RFH35N08.RFH35N10 


RFK35N08,RFK35N10 


RFG40N10.RFP40N10 


RFH45N05.RFH45N06 


RFK45N05.RFK45N06 


RFP50N05.RFG50N05 


RFG75N05E.RFH75N05E 


RFA100N05E 


N-Channel Enhancement-Mode 
Power Field-Effect Transistors 
. 


N-Channel Enhancement-Mode 
Power Field-Effect Transistors 
. 


N-Channel Enhancement-Mode 
Power Field-Effect Transistors 
. 


N-Channel Enhancement-Mode 
Power Field-Effect Transistors 
. 


N-Channel Enhancement-Mode 
Power Field-Effect Transistors 
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N-Channel Enhancement-Mode 
Power Field-Effect Transistors (MegaFETs) 
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N-Channel Enhancement-Mode 
Power Field-Effect Transistors (MegaFETs) 
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N-Channel Enhancement-Mode 
Power Field-Effect Transistors 
. 


N-Channel Enhancement-Mode 
Power Field-Effect Transistor (MegaFET) 
. 


N-Channel Enhancement-Mode 
Power Field-Effect Transistor (MegaFET) 
. 


N-Channel Enhancement-Mode 
Power Field-Effect Transistors 
. 


N-Channel Enhancement-Mode 
Power Field-Effect Transistors 
. 


N-Channel Enhancement-Mode 
Power Field-Effect Transistors 
. 


N-Channel Enhancement-Mode 
Power Field-Effect Transistors 
. 


N-Channel Enhancement-Mode 
Power Field-Effect Transistors 
. 


N-Channel Enhancement-Mode 
Power Field-Effect Transistors 
. 


N-Channel Enhancement-Mode 
Power Field-Effect Transistors 
. 


N-Channel Enhancement-Mode 
Power Field-Effect Transistors (MegaFETs) 
. 


N-Channel Enhancement-Mode 
Power Field-Effect Transistors 
. 


N-Channel Enhancement-Mode 
Power Field-Effect Transistors 
. 


N-Channel Enhancement-Mode 
Power Field-Effect Transistors (MegaFETs) 
. 


N-Channel Enhancement-Mode 
Power Field-Effect Transistors (MegaFETs) 
. 


N-Channel Enhancement-Mode 
Power Field-Effect Transistor (MegaFET) 
. 
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P-CHANNEL POWER MOSFETs 


2N6804 
Avalanche-Energy-Rated 
P-Channel Power MOSFETs. . . . . . . . . . . . . . . . . . . . . 
5-3 


2N6849 
Avalanche-Energy-Rated 
P-Channel Power MOSFETs. . . . . . . . . . . . . . . . . . . . . 
5-8 


2N6851 
Avalanche-Energy-Rated 
P-Channel Power MOSFETs. . . . . . . . . . . . . . . . . . . . . 
5-13 


2N6895 
P-Channel Enhancement-Mode 
Power MOS Field-Effect Transistors. 
. . . . . . . . . 
5·18 


2N6896 
P-Channel Enhancement-Mode 
Power MOS Field-Effect Transistors. 
. . . . . . . . . 
5-22 


2N6897 
P-Channel Enhancement-Mode 
Power MOS Field-Effect Transistors. 
. . . . . . . . . 
5-26 


2N6898 
P-Channel Enhancement-Mode 
Power MOS Field-Effect Transistors. 
. . . . . . . . . 
5·30 


IRF9130,IRF9131,IRF9132, 
Avalanche-Energy-Rated 
P-Channel Power MOSFETs..................... 
5·34 
IRF9133 


IRF9140, IRF9141, JRF9142, 
Avalanche-Energy-Rated 
P-Channel Power MOSFETs. . . . . . . . . . . . . . . . . . . . . 
5-39 
IRF9143 


IRF9150,IRF9151 
Avalanche-Energy-Rated 
P-Channel Power MOSFETs. . . . . . . . . . . . . . . .. . . . . 
5-44 


IRF9230, IRF9231, IRF9232, 
Avalanche-Energy-Rated 
P-Channel Power MOSFETs. . . . . . . . . . . . . . . . . . . . . 
5-50 
IRF9233 


IRF9240, IRF9241, IRF9242, 
Avalanche-Energy-Rated 
P-Channel Power MOSFETs. . . . . . . . . . . . . . . . . . . . . 
5·55 
IRF9243 


IRF9510, IRF9511, IRF9512, 
Avalanche-Energy-Rated 
P-Channel Power MOSFETs. . . . . . . . . . . . . . . . . . . . . 
5-60 
IRF9513 


IRF9520, IRF9521, IRF9522, 
Avalanche-Energy-Rated 
P-Channel Power MOSFETs. . . . . . . . . . . . . . . . . . . . . 
'5-65 
IRF9523 


IRF9530, IRF9531, IRF9532, 
Avalanche-Energy-Rated 
P-Channel Power MOSFETs. . . . . . . . . . . . . . . . . . . . . 
5-70 
IRF9533 


IRF9540, IRF9541, IRF9542, 
Avalanche-Energy-Rated 
P-Channel Power MOSFETs..................... 
5-75 
IRF9543 


IRF9620, IRF9621, IRF9622, 
Avalanche-Energy-Rated 
P-Channel Power MOSFETs. . . . . . . . . . . . . . . . . . . . . 
5-80 
IRF9623 


IRF9630, IRF9631, IRF9632, 
Avalanche-Energy-Rated 
P-Channel Power MOSFETs. . . . . . . . . . . . . . . . . . . . . 
5-85 
IRF9633 


IRF9640, IRF9641, IRF9642, 
Avalanche-Energy-Rated 
P-Channel Power MOSFETs. . . . . . . . . . . . . . . . . . . . . 
5-90 
IRF9643 


IRFD9110, IRFD9113 
Avalanche-Energy-Rated 
P-Channel Power MOSFETs. . . . . . . . . . . . . . . . . . . . . 
5-95 


IRFD9120,IRFD9123 
Avalanche-Energy-Rated 
P-Channel Power MOSFETs. . . . . . . . . . . . . . . . . . . . . 
5-100 


IRFD9220,IRFD9223 
Avalanche-Energy-Rated 
P-Channel Power MOSFETs. . . . . . . . . . . . . . . . . . . . . 
5-105 


IRFF9120, IRFF9121, IRFF9122, 
Avalanche-Energy-Rated 
P-Channel Power MOSFETs. . . . . . . . . . . . . . . . . . .. . 
5-110 
IRFF9123 


IRFF9130, IRFF9131, IRFF9132, 
Avalanche Energy·Rated P-Channel Power MOSFETs . . . . . . . . . . . . . . . . . . . . . 
5·115 
IRFF9133 


IRFF9220, IRFF9221, IRFF9222, 
Avalanche Energy-Rated P-Channel Power MOSFETs..................... 
5-120 
IRFF9223 


IRFF9230, IRFF9231, IRFF9232, 
Avalanche Energy-Rated P-Channel Power MOSFETs. 
. . . . . . . . . . . . . . . . . . . . 
5-125 
IRFF9233 


IRFP9140/P9141, IRFP9142/P9143Avalanche 
Energy-Rated P-Channel Power MOSFETs . . . . . . . . . . . . . . . . . . . . . 
5-130 


IRFP9150,IRFP9151 
Avalanche Energy-Rated P-Channel Power MOSFETs. 
. . . . . . . . •. . . . . . . . . . . 
5·135 


IRFP9240/P9241, IRFP9242/P9243Avalanche 
Energy-Rated P·Channel Power MOSFETs. 
. . . . . . . . . . . . . . . . . . . . 
5-140 


P-CHANNEL POWER MOSFETs (Continued) 


RFL1P08. RFL1P10 
P-Channel Enhancement·Mode 
Power Field-Effect Transistors 
. 


RFP2P08. RFP2P10 
P-Channel Enhancement-Mode 
Power Field-Effect Transistors 
. 


RFM5P12. RFM5P15. RFP5P12. 
P-Channel Enhancement-Mode 
Power Field-Effect Transistors 
. 


RFP5P15 


RFM6P08. RFM6P10. RFP6P08. 
RFP6P10 


RFD8P05/05SM. RFP8P05 


RFM8P08. RFM8P10. RFP8P08. 
RFP8P10 


RFM10P121M10P15. 
RFP10P121P10P15 


RFM12P08/M12P10. 
RFP12P08/P12P10 


RFD15P05/05SM. RFP15P05 


RFH25POBlH25Pl0. 
RFK25P08/K25Pl0 


RFG30P05. RFP30P05 
P-Channel Enhancement-Mode 
Power Field-Effect Transistors (MegaFETs) 
. 


RFG30P06. RFP30P06 
P-Channel Enhancement-Mode 
Power Field-Effect Transistors (MegaFETs) 
. 


RFG60P05E. RFG60P06E 
P-Channel Enhancement-Mode 
Power Field-Effect Transistors (MegaFETs) 
. 


POWER DRIVERS AND SWITCHES 


CA3169 
Solenoid and Motor Driver (1/2 H Driver) 
. 


CA3242 
Quad-Gated Inverting Power Driver For Interfacing Low-Level Logic to High 
. 
Current Load 


Quad-Gated Inverting Power Driver 
. 


Quad-Gated Inverting Power Driver With Fault Mode Diagnostic Flag Output 
. 


High-Side Driver 
. 


Current Limiting Power Switch With Current Limiter Sense Flag 
. 


Dual-H Driver 
. 


CMOS Octal Serial Solenoid Driver 
. 


Quad-Gated Inverting Power Driver With Fault Mode Diagnostic Flag Output 
. 


Quad Inverting Power Driver With Diagnostic Interface 
. 


lA High Side Driver With Over-Load Protection 
. 


Half-Bridge 500Voc Driver 
. 


Power H-Switch 
. 


Three-Phase Brushless DC Motor Controller 
. 


High Frequency H-Bridge Driver 
. 


High Current MOSFET Driver 
. 


Dual Power MOSFET Driver .......•..•............................... 


Half-Bridge 500Voc Driver 
. 


Half-Bridge 500Voc Driver ..................•........................ 


CA3262 


CA3272 


CA3273 


CA3274 


CA3275 


CA3282 


CA3292 


HIP0080. HIP0081 


HIP1030 


HIP2500 


HIP4010 


HIP4011 


HIP4080 


HV400 


ICL7667 


SP600 


SP601 


P-Channel Enhancement-Mode 
Power Field-Effect Transistors (MegaFETs) 
. 


P-Channel Enhancement-Mode 
Power Field-Effect Transistors 
. 


P-Channel Enhancement-Mode 
Power Field-Effect Transistors (MegaFETs) 
. 


P-Channel Enhancement-Mode 
Power Field-Effect Transistors 
. 
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11-8 


11-12 


11-17 


11-21 


11-24 
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11-38 


11-41 


11-46 


11-48 


11-51 


11-54 


11·57 


11·61 


11-72 


11·79 
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PREVIEW PRODUCTS 


HGTG30N120E2 


IRFR110,IRFU110 


IRFR214,IRFU214 


IRF614 


RFA14N50BE 


RFD3N08L,RFD3N08LSM 


RFD4N06L,RFD4N06LSM 


RFP15N08L 


RFG70N06,RFP70N06 


ULTRA-FAST RECTIFIERS 


MUR810, MUR815, MUR820, 
RUR810,RUR815,RUR820 


MUR840, MUR850, MUR860, 
RUR840, RUR850, RUR860 


MUR870El880El890E/8l00E, 
RUR870/880/890/8100 


MUR1510/1515/1520, 
RUR1510/1515/1520 


MUR 1540/1550/1560, 
RUR1540/1550/1560 


RUR1570, RUR1580, 
RUR1590, RUR15100 


RUR3010/30 15/3020 


RUR3040/3050/3060 


RUR3070/3080/3090/30 100 


RURD8l0/815/820 


MUR1610CT, MUR1615CT, 
MUR1620CT, RUR1610CT, 
RUR1615CT, RUR1620CT 


MUR3010PT, MUR3015PT, 
MUR3020PT, RURD1510, 
RURD1515, RURD1520 


MUR3040PT, MUR3050PT, 
MUR3060PT, RURD1540, 
RURD1550, RURD1560 


RURD1610/1615/1620 


RURD3010/3015/3020 


RURD3040/3050/3060 


N-Channel Enhancement-Mode 
Insulated Gate Bipolar Transistor (IGBT) 
. 


N-Channel Power MOSFETs Avalanche Energy Rated 
. 


N-Channel Power MOSFETs Avalanche Energy Rated 
. 


N-Channel Power MOSFETs Avalanche Energy Rated 
. 


N-Channel Enhancement-Mode 
Power Field-Effect Transistor 
. 


N-Channel Logic Level Power Field Effect Transistors 
. 


N-Channel Logic Level Power Field Effect Transistors 
. 


N-Channel Logic Level Power Field-Effect Transistor 
. 


N-Channel Enhancement-Mode 
Power Field-Effect Transistors 
. 


30A Ultrafast Diode With Soft Recovery Characteristic 
.....•..•.....•...... 


30A Ultrafast Diode With Soft Recovery Characteristic 
........•............ 


30A Ultrafast Diode With Soft Recovery Characteristic 
. 


Dual8A 
High-Speed, High-Efficiency Epitaxial Silicon Rectifiers 
. 


Dual8A High-Speed, High-Efficiency Epitaxial Silicon Rectifiers 
. 


Dual16A 
High-Speed, High-Efficiency Epitaxial Silicon Rectifiers 
. 


30A Ultrafast Dual Diode With Soft Recovery Characteristics 
. 


30A Ultrafast Dual Diode With Soft Recovery Characteristics 
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HARRIS 
INDUSTRY 
REPLACEMENT 
TYPE 
TYPE 


2N6659 
RFl2N05 
2N6660 
RFl2N06 
2N6661 
RFl1N10 
2N6755 
2N6755 
2N6756 
2N6756 
2N6757 
2N6757 
I 
2N6758 
2N6758 
2N6759 
2N6759 
2N6760 
2N6760 
2N6751 
2N6761 
2N6762 
2N6762 
2N6763 
2N6763 
2N6764 
2N6764 
2N6765 
2N6765 
2N6766 
2N6766 
2N6767 
2N6767 
2N6768 
2N6768 
2N6769 
2N6769 
2N6770 
2N6770 
2N6782 
2N6782 
2N6784 
2N6784 
2N6786 
2N6782 
2N6788 
2N6788 
2N6790 
2N6790 
2N6792 
2N6792 
2N6794 
2N6794 
2N6796 
2N6796 
2N6798 
2N6798 
2N6800 
2N6800 
2N6802 
2N6802 
2SJ101 
RFP12P08 
2SJ102 
RFP12P08 
2SJ112 
2N6898 
2SJ113 
RFH25P10 
2SJ127 
RFP10P12 
2SK294 
IRF522 
2SK295 
IRF522 
2SK296 
IRF723 
2SK308 
RFM10N12 
2SK310 
IRF732 
2SK311 
RFM3N45 
2SK312 
IRF453 
2SK313 
IRF453 
2SK319 
IRF730 
2SK345 
IRF521 
2SK346 
IRF521 
2SK349 
RFH10N45 
2SK382 
RFP3N50 
2SK383 
RFP15N12 
2SK398 
RFM12N10 
2SK401 
IRF351 
2SK408 
RFP2N18 
2SK409 
RFP2N18 
2SK412 
RFH12N35 
2SK428 
RFP15N06 
2SK440 
IRF630 
2SK512 
IRF450 
2SK549 
RFP15N06 
2SK550 
RFP25N06 
2SK551 
RFP15N12 
2SK552 
RFP6N45 
2SK553 
RFP6N45 
2SK556 
RFH10N45 
2SK557 
RFH10N50 
2SK558 
RFHION50 
2SK561 
RFM25N06 
BSR80 
RFP4N05 
BSR81 
IRF513 
BSR82 
RFP2N08 
BSS93 
IRFF212 


HARRIS 
INDUSTRY 
REPLACEMENT 
TYPE 
TYPE 


BST90 
RFl1N08 
BUP60 
RFM7N35 
BUP61 
IRF331 
BUP62 
RFM7N40 
BUP63 
IRF330 
BUP64 
RFM6N45 
BUP65 
IRF431 
BUP66 
RFM6N50 
BUP67 
IRF430 
BUP68 
RFM7N35 
BUP69 
RFM7N40 
BUP70 
RFM6N45 
BUP71 
RFM6N50 
BUZ10 
RFP25N05 
BUZ10B 
IRF533 
BUZ11A 
RFP25N05 
BUZ14 
RFK45N05 
BUZ14A 
IRF153 
BUZ14C 
IRF131 
BUZ140 
IRF133 
BUZ15 
RFK45N05 
BUZ17 
RFK45N05 
BUZ20 
RFP12N10 
BUZ20A 
IRF532 
BUZ20B 
IRF520 
BUZ21 
RFP18N10 
BUZ23 
RFM12N10 
BUZ23A 
IRF130 
BUZ23B 
IRF152 
BUZ24 
RFK35N10 
BUZ25 
RFM18N10 
BUZ30 
IRF632 
BUZ32 
IRF630 
BUZ32A 
IRF631 
BUZ32B 
IRF632 
BUZ32C 
IRF633 
BUZ33 
IRF220 
BUZ33A 
IRF232 
BUZ33B 
IRF233 
BUZ34 
IRF240 
BUZ35 
IRF230 
BUZ35A 
IRF231 
BUZ36 
IRF240 
BUZ40 
IRF822 
BUZ41A 
IRF830 
BUZ41B 
IRF431 
BUZ42 
IRF832 
BUZ42A 
IRF833 
BUZ42B 
IRF820 
BUZ42C 
IRF821 
BUZ420 
IRF822 
BUZ43 
IRF422 
BUZ44A 
IRF430 
BUZ44B 
IRF831 
BUZ45 
RFM10N50 
BUZ45A 
RFM10N50 
BUZ45B 
IRF452 
BUZ46 
IRF432 
BUZ46A 
IRF433 
BUZ46B 
IRF821 
BUZ60 
IRF730 
BUZ60A 
IRF731 
BUZ60B 
IRF732 
BUZ60C 
IRF733 
BUZ600 
IRF720 
BUZ63 
IRF330 
BUZ63A 
IRF331 
BUZ63B 
IRF332 
BUZ63C 
IRF333 
BUZ630 
IRF730 


HARRIS 
INDUSTRY 
REPLACEMENT 
TYPE 
TYPE 


BUZ64 
IRF352 
BUZ67 
IRF352 
BUZ71 
RFP25N05 
BUZ71A 
RFP25N05 
BUZ72 
RFP12N10 
BUZ72A 
IRF532 
BUZ73 
IRF630 
BUZ73A 
IRF632 
BUZ74 
IRF820 
BUZ74A 
IRF822 
BUZ76 
IRF720 
BUZ76A 
IRF732 
BUZ201 
IRF352 
BUZ210 
RFM10N50 
BUZ211 
RFM10N50 
BUZ351 
RFH12N40 
BUZ353 
RFH10N50 
BUZ354 
RFH10N50 
082AK2 
IRF01Z1 
082Al2 
IRE01Z0 
082AM2 
IRF02Z1 
082AN2 
IRF02Z0 
084BK1 
IRF511 
084BK2 
IRF511 
084Bl1 
IRF510 
084Bl2 
IRF510 
084BM1 
IRF611 
084BM2 
IRF611 
084BN1 
IRF610 
084BN2 
IRF610 
084B01 
IRF723 
084B02 
IRF722 
084CK1 
IRF521 
084CK2 
IRF521 
084Cl1 
IRF520 
084Cl2 
IRF520 
084CM1 
IRF621 
084CM2 
IRF621 
084CN1 
IRF620 
084CN2 
IRF620 
084C01 
IRF721 
084C02 
IRF720 
084CR1 
IRF821 
084CR2 
IRF820 
0840K1 
IRF531 
0840K2 
IRF531 
084011 
IRF530 
084012 
IRF530 
0840M1 
IRF631 
0840M2 
IRF631 
0840N1 
IRF630 
0840N2 
IRF630 
084001 
IRF731 
084002 
IRF730 
0840R1 
IRF831 
0840R2 
IRF830 
084EM1 
IRF641 
084EM2 
IRF641 
0860K1 
IRF131 
0860K2 
IRF131 
086011 
IRF130 
086012 
IRF130 
0860M1 
RFM10N12 
0860M2 
IRF631 
0860N1 
IRF230 
0860N2 
IRF230 
086001 
IRF331 
086002 
IRF330 
0860R1 
IRF431 
0860R2 
IRF430 


HARRIS 
INDUSTRY 
REPLACEMENT 
TYPE 
TYPE 


DB6EM1 
IRF241 
DB6EM2 
IRF241 
DB6EN1 
IRF240 
DB6EN2 
IRF240 
DB6FK1 
RFK45N05 
DB6FK2 
RFK45N06 
D86FL1 
RFK35N08 
DB6FL2 
IRF150 
D86FM1 
IRF251 
D86FM2 
IRF251 
D86FN1 
IRF250 
DB6FN2 
IRF250 
DB6FQ1 
IRF351 
D86FQ2 
IRF350 
D86FR1 
IRF451 
D86FR2 
IRF450 
D88FK1 
IRFP151 
DB8FK2 
IRFP151 
D88FL 1 
IRFP150 
D88FL2 
IRFP150 
D88FM1 
IRFP251 
D88FM2 
IRFP251 
DB8FN1 
IRFP250 
D88FN2 
IRFP250 
DBBFQ1 
IRFP351 
D8BFQ2 
IRFP350 
D88FR1 
IRFP451 
D88FR2 
IRFP450 
GF2A10 
IRFD110R 
GF2A13 
IRFD120R 
GF2B06 
IRFD210R 
GF2B08 
IRFD220R 
GF2D04 
IRFD310R 
GF2D05 
IRFD320R 
GF4A4 
IRF510R 
GF4A8 
IRF520R 
GF4A14 
IRF530R 
GF4A27 
IRF540R 
GF4B2 
IRF610R 
GF4B5 
IRF620R 
GF4B9 
IRF630R 
GF4B1B 
IRF640R 
GF4D1 
IRF710R 
GF4D3 
IRF720R 
GF4D5 
IRF730R 
GF4D10 
IRF740R 
GF4E2 
IRF820R 
GF4E4 
IRF830R 
GF4E8 
IRF840R 
GF6A14 
IRF130R 
GF6A27 
IRF140R 
GF6A40 
IRF150R 
GF6B9 
IRF230R 
GF6B18 
IRF240R 
GF6B30 
IRF250R 
GF6D5 
IRF330R 
GF6D10 
IRF340R 
GF6D15 
IRF350R 
GF6E4 
IRF430R 
GF6E8 
IRF440R 
GF6E13 
IRF450R 
GF8A40 
IRFP150R 
GFBB30 
IRFP250R 
GFBD15 
IRFP350R 
GFBE13 
IRFP450R 
GF14A35 
IRFF110R 
GF14A60 
IRFF120R 
GF14A80 
IRFF130R 
GF14B22 
IRFF210R 
GF14B35 
IRFF220R 


HARRIS 
INDUSTRY 
REPLACEMENT 
TYPE 
TYPE 


GF14B55 
IRFF230R 
GF14D14 
IRFF310R 
GF14D25 
IRFF320R 
GF14D35 
IRFF330R 
GF14E16 
IRFF420R 
GF14E28 
IRFF430R 
IRF120 
IRF120 
IRF121 
IRF121 
IRF122 
IRF122 
IRF123 
IRF123 
IRF130 
IRF130 
IRF131 
IRF131 
IRF132 
IRF132 
IRF133 
IRF133 
IRF150 
IRF150 
IRF151 
IRF151 
IRF152 
IRF152 
IRF153 
IRF153 
IRF220 
IRF220 
IRF221 
IRF221 
IRF222 
IRF222 
IRF223 
IRF223 
IRF230 
IRF230 
IRF231 
IRF231 
IRF232 
IRF232 
IRF233 
IRF233 
IRF240 
IRF240 
IRF241 
IRF241 
IRF243 
IRF243 
IRF250 
IRF250 
IRF251 
IRF251 
IRF252 
IRF252 
IRF253 
IRF253 
IRF320 
IRF320 
IRF321 
IRF321 
IRF322 
IRF322 
IRF323 
IRF323 
IRF330 
IRF330 
IRF331 
IRF331 
IRF332 
IRF332 
IRF333 
IRF333 
IRF350 
IRF350 
IRF351 
IRF351 
IRF352 
IRF352 
IRF353 
IRF353 
IRF420 
IRF420 
IRF421 
IRF421 
IRF422 
IRF422 
IRF423 
IRF423 
IRF430 
IRF430 
IRF431 
IRF431 
IRF432 
IRF432 
IRF433 
IRF433 
IRF450 
IRF450 
IRF451 
IRF451 
IRF452 
IRF452 
IRF453 
IRF453 
IRF510 
IRF510 
IRF511 
IRF511 
IRF512 
IRF512 
IRF513 
IRF513 
IRF520 
IRF520 
IRF521 
IRF521 
IRF522 
IRF522 
IRF523 
IRF523 
IRF530 
IRF530 
IRF531 
IRF531 
IRF532 
IRF532 
IRF533 
IRF533 
IRF610 
IRF610 


HARRIS 
INDUSTRY 
REPLACEMENT 
TYPE 
TYPE 


IRF611 
IRF611 
IRF612 
IRF612 
IRF613 
IRF613 
IRF620 
IRF620 
IRF621 
IRF621 
IRF622 
IRF622 
IRF623 
IRF623 
IRF630 
IRF630 
IRF631 
IRF631 
IRF632 
IRF632 
IRF633 
IRF633 
IRF641 
IRF641 
IRF643 
IRF643 
IRF710 
IRF722 
IRF711 
IRF723 
IRF712 
IRF722 
IRF713 
IRF722 
IRF720 
IRF720 
IRF721 
IRF721 
IRF722 
IRF722 
IRF723 
IRF723 
IRF730 
IRF730 
IRF731 
IRF731 
IRF732 
IRF732 
IRF733 
IRF733 
IRF820 
IRFB20 
IRF821 
IRF821 
IRF822 
IRFB22 
IRFB23 
IRF823 
IRF830 
IRF830 
IRFB31 
IRF831 
IRF832 
IRF832 
IRFB33 
IRF833 
IRF9130 
RFM12P10 
IRF9131 
RFM12P08 
IRF9132 
RFM8P10 
IRF9133 
RFM8P08 
IRF9140 
RFK25P10 
IRF9141 
RFK25P08 
IRF9142 
RFM12P10 
IRF9143 
RFM12POB 
IRF9231 
RFM10P15 
IRF9233 
RFM5P15 
IRF9241 
RFM10P15 
IRF9242 
RFM10P15 
IRF9510 
RFP5P12 
IRF9511 
RFP5P12 
IRF9512 
RFP5P12 
IRF9513 
RFD5P12 
IRF9520 
RFP6P10 
IRF9521 
RFP6P08 
IRF9522 
RFP6P10 
IRF9523 
RFP6P08 
IRF9530 
RFP12P10 
IRF9531 
RFP12P08 
IRF9532 
RFPBP10 
IRF9533 
RFPBPOB 
IRF9542 
RFP12P10 
IRF9543 
RFP12P08 
IRF9611 
RFP5P15 
IRF9613 
RFP5P15 
IRF9621 
RFP6P08 
IRF9623 
RFP6P08 
IRF9631 
RFP12P08 
IRF9633 
RFP12P08 
IRF9641 
RFP10P15 
IRF9643 
RFP10P15 
IRFD1Z0 
IRFD1Z0 
IRFD1Z1 
IRFD1Z1 
IRFD1Z2 
IRFD1Z2 
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HARRIS 
INDUSTRY 
REPLACEMENT 
TYPE 
TYPE 


IRFD1Z3 
IRFD1Z3 


IRFF110 
IRFF110 
IRFF111 
IRFF111 
IRFF112 
IRFF112 
IRFF113 
IRFF113 
IRFF120 
IRFF120 
IRFF121 
IRFF121 
IRFF122 
IRFF122 
IRFF123 
IRFF123 
IRFF130 
IRFF130 
IRFF131 
IRFF131 
IRFF132 
IRFF132 
IRFF133 
IRFF133 
IRFF210 
IRFF210 
IRFF211 
IRFF211 
IRFF212 
IRFF212 
IRFF213 
IRFF213 
IRFF220 
IRFF220 
IRFF221 
IRFF221 


IRFF222 
IRFF222 
IRFF223 
IRFF223 
IRFF230 
IRFF230 
IRFF231 
IRFF231 


IRFF232 
IRFF232 
IRFF233 
IRFF233 
IRFF320 
IRFF320 
IRFF321 
IRFF321 


IRFF322 
IRFF322 


IRFF323 
IRFF323 


IRFF330 
IRFF330 
IRFF331 
IRFF331 


IRFF332 
IRFF332 


IRFF333 
IRFF333 
IRFF420 
IRFF420 
IRFF421 
IRFF421 
IRFF422 
IRFF422 


IRFF423 
IRFF423 
IRFF430 
IRFF430 
IRFF431 
IRFF431 


IRFF432 
IRFF432 
IRFF433 
IRFF433 


IRFZ20 
RFP25N05 
IRFZ22 
RFP25N05 
IRFZ32 
RFP25N05 
IVN5000TND 
RFL2N05 
IVN5000TNE 
RFL2N06 
IVN5000TNF 
RFL1N08 
IVN5000TNH 
RFL1N10 
IVN5000SND 
RFL2N05 
IVN5000SNE 
RFL2N06 
IVN5000SNF 
RFL1N08 
IVN5000SNH 
RFL1N10 
IVN5001TND 
RFL2N05 
IVN5001TNE 
RFL2N06 
IVN5001TNF 
RFL1N08 
IVN5001TNH 
RFL1N10 
IVN5001SND 
RFL2N05 
IVN5001SNE 
RFL2N06 
IVN5001SNf' 
RFL1N08 
IVN5001SNH 
RFL1N10 
IVN5200HND 
IRF523 
IVN5200HNE 
IRF523 
IVN5200HNF 
IRF522 
IVN5200HNH 
IRF522 
IVN5200KND 
IRF123 
IVN5200KNE 
IRF123 
IVN5200KNF 
IRF122 


IVN5200KNH 
IRF122 
IVN5200TND 
IRFF123 
IVN5200TNE 
IRFF123 


HARRIS 
INDUSTRY 
REPLACEMENT 
TYPE 
TYPE 


IVN5200TNF 
IRFF122 
IVN5200TNH 
IRFF122 


IVN5201CND 
IRF523 
IVN5201CNE 
IRF523 
IVN5201CNF 
IRF522 
IVN5201CNH 
IRF522 
IVN5201KND 
IRF123 
IVN5201KNE 
IRF123 
IVN5201KNF 
IRF122 
IVN5201KNH 
IRF122 
IVN5201TND 
IRFF123 
IVN5201TNE 
IRFF123 
IVN5201TNF 
IRFF122 
IVN5201TNH 
IRFF122 


IVN6000CNE 
IRF523 


IVN6000CNF 
IRF522 
IVN6000CNH 
IRF522 
IVN6000CNR 
IRF722 
IVN6000CNS 
IRF722 
IVN6000CNT 
IRF821 
IVN6000CNU 
IRF822 
IVN6000KNE 
IRF123 
IVN6000KNF 
IRF122 
IVN6000KNH 
IRF122 
IVN6000KNR 
IRF322 
IVN6000KNS 
IRF322 


IVN6000KNT 
IRF421 
IVN6000KNU 
IRF422 
IVN6000TNE 
IRFF113 
IVN6000TNF 
IRFF112 
IVN6000TNH 
IRFF112 
IVN6000TNR 
IRFF322 
IVN6000TNS 
IRFF322 
IVN6000TNT 
IRFF423 
IVN6000TNU 
IRFF422 
IVN6001CNE 
IRF523 
IVN6001CNF 
IRF522 
IVN6001CNH 
IRF522 
IVN6001KNE 
IRF123 
IVN6001KNF 
IRF122 
IVN6001KNH 
IRF122 
IVN6001TNE 
IRFF113 
IVN6001TNF 
IRFF112 
IVN6001TNH 
IRFF112 
IVN6002CND 
IRF523 
IVN6002KND 
IRF123 


IVN6002TND 
IRFF113 
IVN6100TNS 
IRFF312 
IVN6100TNT 
IRFF423 
IVN6100TNU 
IRFF423 
IVN6200ANE 
IRF531 
IVN6200ANF 
RFP12N08 
IVN6200ANH 
RFP12N10 
IVN6200ANM 
RFP8N20 
IVN6200ANP 
RFP8N20 
IVN6200ANS 
IRF732 
IVN6200ANT 
IRF831 
INV6200ANU 
IRF830 
IVN6200CND 
IRF521 
IVN6200CNE 
IRF533 
IVN6200CNF 
IRF532 
IVN6200CNH 
IRF532 
IVN6200CNM 
RFP8N20 
IVN6200CNP 
RFP8N20 
IVN6200CNR 
RFP4N40 
IVN6200CNS 
IRF730 
IVN6200CNT 
IRF831 
IVN6200CNU 
IRF831 
IVN6200KNE 
IRF133 
IVN6200KNF 
IRF132 


HARRIS 
INDUSTRY 
REPLACEMENT 
TYPE 
TYPE 


IVN6200KNH 
IRF132 


IVN6200KNM 
RFM8N20 
IVN6200KNP 
IRF353 
IVN6200KNR 
RFM4N40 
IVN6200KNS 
IRF332 


IVN6200KNT 
IRF431 
IVN6200KNU 
IRF432 


IVN6300SNE 
RFL2N06 


IVN6300SNF 
RFL1N08 
IVN6300SNH 
RFL1N10 
IVN6300SNM 
RFL1N20 
IVN6300SNP 
IRFF313 


IVN6300SNS 
IRFF312 


IVN6300SNT 
IRFF423 


IVN6300SNU 
IRFF422 


IVN6660 
RFL1N08 


IVN6661 
RFL1N08 
MTH7N45 
RFH10N45 
MTH7N50 
RFH10N50 
MTH8N35 
RFH12N35 
MTH8N40 
RFH12N40 
MTH15N12 
IRF251 
MTH15N15 
IRF251 
MTH15N18 
RFH25N18 
MTH15N20 
RFH25N20 
MTH25N08 
RFK35N08 
MTH25N10 
RFH35N10 
MTM2N45 
RFM3N45 
MTM2N50 
RFM3N50 
MTM3N35 
RFM4N35 
MTM3N40 
RFM4N40 
MTM4N45 
2N6762 


MTM4N50 
2N6762 
MTM5N18 
RFM8N18 
MTM5N20 
RFM8N20 
MTM5N35 
IRF330 
MTM5N40 
IRF330 


MTM7N12 
RFM8N18 
MTM7N15 
RFM8N18 
MTM7N18 
IRF232 


MTM7N20 
RFM8N20 


MTM7N45 
RFM10N45 
MTM7N50 
RFM10N50 
MTM8N08 
2N6757 


MTM8N10 
2N6758 
MTM8N12 
2N6757 
MTM8N15 
2N6757 


MTM8N18 
RFM8N18 
MTM8N20 
RFM8N20 
MTM10N05 
RFM15N05 
MTM10N06 
RFM15N06 


MTM10N08 
RFM12N08 
MTM10N10 
RFM12N10 
MTM10N12 
RFM10N12 


MTM10N15 
RFM10N15 
MTM12N05 
RFM15N05 
MTM12N06 
RFM15N06 
MTM12N08 
RFM12N08 
MTM12N10 
RFM12N10 
MTM12N12 
IRF230 


MTM12N15 
IRF230 


MTM12N18 
RFM12N18 


MTM12N20 
RFM12N20 
MTM15N05 
RFM15N05 
MTM15N06 
RFM15N06 
MTM15N12 
RFM15N12 
MTM15N15 
RFM15N15 
MTM15N18 
RFK25N18 
MTM15N20 
RFK25N20 
MTM15N35 
RFM12N35 


HARRIS 
INDUSTRY 
REPLACEMENT 
TYPE 
TYPE 


MTM15N40 
RFM12N40 
MTM15N45 
IRF450 
MTM15N50 
IRF451 
MTM20N08 
RFM18N08 
MTM20N10 
RFM18N10 
MTM20N12 
RFK30N12 
MTM20N15 
RFK30N15 
MTM25N05 
RFM25N05 
MTM25N06 
RFM25N06 
MTM25N08 
RFK35N08 
MTM25N10 
RFK35N10 
MTM35N05 
RFK45N05 
MTM35N06 
RFK45N06 
MTM40N18 
IRF250 
MTM40N20 
IRF250 
MTM45N12 
RFK30N12 
MTM45N15 
RFK30N15 
MTM8P08 
RFM8P08 
MTM8P10 
RFM8P10 
MTP1N45 
RFP3N45 
MTP1N50 
RFP3N50 
MTP2N18 
RFP2N18 
MTP2N20 
RFP2N20 
MTP2N25 
IRF721 
MTP2N35 
RFP4N35 
MTP2N40 
RFP4N40 
MTP2N45 
RFP3N45 
MTP2N50 
RFP3N50 
MTP3N12 
IRF623 
MTP3N15 
IRF623 
MTP3N35 
RFP3N45 
MTP3N40 
RFP3N50 
MTP4N08 
IRF510 
MTP4N10 
IRF510 
MTP4N45 
RFP6N45 
MTP4N50 
RFP6N50 
MTP5N05 
RFP6P08 
MTP5N06 
RFP6P08 
MTP5N18 
RFP8N18 
MTP5N20 
RFP8N20 
MTP5N35 
RFP7N35 
MTP5N40 
RFP7N40 
MTP7N12 
RFP8N18 
MTP7N15 
RFP8N18 
MTP7N18 
RFP8N18 
MTP7N20 
RFP8N20 
MTP8N08 
RFP8N18 
MTP8N10 
RFP8N18 
MTP8N12 
RFP10N12 
MTP8N15 
RFP10N15 
MTP8N18 
RFP8N18 
MTP8N20 
RFP8N20 
MTP10N05 
RFP15N05 
MTP10N06 
RFP15N06 
MTP10N08 
RFP12N08 
MTP10N10 
RFP12N10 
MTP10N12 
RFP10N12 
MTP10N15 
RFP10N15 
MTP12N05 
RFP15N05 
MTP12N06 
RFP15N06 
MTP12N08 
RFP12N08 
MTP12N10 
RFP12N10 
MTP12N18 
RFP12N18 
MTP12N20 
RFP12N20 
MTP15N05 
RFP15N05 
MTP15N06 
RFP15N06 
MTP15N12 
RFP15N12 
MTP15N15 
RFP15N15 
MTP20N08 
RFP18N08 
MTP25N05 
RFP25N05 


HARRIS 
INDUSTRY 
REPLACEMENT 
TYPE 
TYPE 


MTP25N06 
RFP25N06 
MTP8P08 
RFP8P08 
MTP8P10 
RFP8P10 
NOS100B 
RFL1N15 
NOS101B 
RFL 1N12 
NOS102B 
RFL 1N08 
PA40N200LM 
IRF131 
PA40N200LT 
IRF531 
PA40N200SM 
IRF131 
PA40N200ST 
IRF531 
PA40N280LM 
IRF132 
PA40N280LT 
IRF532 
PA40N280SM 
IRF132 
PA40N280ST 
IRF532 
PA40N300LM 
IRF121 
PA40N300LT 
IRF521 
PA40N300SM 
IRF121 
PA40N300ST 
IRF521 
PA75N150LM 
RFM15N06 
PA75N150L T 
RFP15N06 
PA75N150SM 
RFM15N06 
i'A75N150ST 
RFP15N06 
PA125N40LM 
RFK45N06 
PA125N40LP 
RFK45N06 
PA125N40SM 
RFK45N06 
PA125N60LM 
RFH45N06 
PA125N60LP 
RFH45N06 
PA125N60SM 
RFK45N06 
PA125N60SP 
RFH45N06 
PB40N400LM 
IRF122 
PB40N400LT 
IRF522 
PB40N400SM 
IRF122 
PB40N400ST 
IRF522 
PB75N180LM 
IRF130 
PB75N180L T 
IRF530 
PB75N180SM 
IRF130 
PB75N180ST 
IRF530 
PB125N60LM 
IRF150 
PB125N60LP 
RFH35N10 
PB125N60SM 
IRF150 
PB125N60SP 
RFH35N10 
PB125N80LM 
IRF152 
PB125N80LP 
RFH35N10 
PB125N80SM 
IRF152 
PB125N80SP 
RFH35N10 
PC40N500LM 
IRF231 
PC40N500LT 
IRF631 
PC40N500SM 
IRF231 
PC40N500ST 
IRF631 
PC40N800LM 
IRF221 
PC40N800LT 
IRF621 
PC40N800SM 
IRF221 
PC40N800ST 
IRF621 
PC75N250LM 
IRF243 
PC75N250LT 
IRF643 
PC75N250SM 
IRF243 
PC75N250ST 
IRF643 
PC75N400LM 
IRF231 
PC75N400LT 
IRF631 
PC75N400SM 
IRF231 
PC75N400ST 
IRF631 
PC125N130LM 
IRF253 
PC125N130LP 
RFH30N15 
PC125N130SM 
IRF253 
PC125N130SP 
RFH30N15 
PC125N180LM 
IRF241 
PC125N180LP 
RFH30N15 
PC125N180L T 
IRF641 
PC125N180SM 
IRF241 
PC125N180SP 
RFH30N15 


HARRIS 
INDUSTRY 
REPLACEMENT 
TYPE 
TYPE 


PM509P 
IRF523 
PM510P 
IRF521 
PM512M 
IRF131 
PM512P 
IRF531 
PM604P 
IRF511 
PM605P 
IRF523 
PM608M 
IRF121 
PM608P 
IRF521 
PM609P 
IRF521 
PM610P 
IRF521 
PM612M 
IRF131 
PM612P 
IRF531 
PM614M 
IRF131 
PM614P 
IRF531 
PM804P 
IRF510 
PM805P 
IRF522 
PM808M 
RFM12N08 
PM808P 
RFP12N08 
PM814M 
IRF131 
PM814P 
IRF531 
PM1003P 
IRF512 
PM1004P 
IRF510 
PM1006M 
IRF122 
PM1006P 
IRF522 
PM1010M 
RFM12N10 
PM1010P 
RFP12N10 
PM1203P 
IRF621 
PM1204P 
IRF631 
PM1206M 
RFM10N12 
PM1206P 
RFP10N12 
PM1210M 
RFM15N12 
PM1210P 
RFP15N12 
PM1503P 
IRF623 
PM1504P 
IRF623 
PM1506M 
IRF631 
PM1506P 
IRF231 
PM1510M 
RFM10N15 
PM1510P 
RFP10N15 
SEF120 
IRF120 
SEF121 
IRF121 
SEF122 
IRF122 
SEF123 
IRF123 
SEF130 
IRF130 
SEF131 
IRF131 
SEF132 
IRF132 
SEF133 
IRF133 
SEF150 
IRF150 
SEF151 
IRF151 
SEF152 
IRF152 
SEF153 
IRF153 
SEF220 
IRF220 
SEF221 
IRF221 
SEF222 
IRF222 
SEF223 
IRF223 
SEF230 
IRF230 
SEF231 
IRF231 
SEF232 
IRF232 
SEF233 
IRF233 
SEF240 
IRF240 
SEF241 
IRF241 
SEF243 
IRF243 
SEF320 
IRF320 
SEF321 
IRF321 
SEF322 
IRF322 
SEF323 
IRF323 
SEF330 
IRF330 
SEF331 
IRF331 
SEF332 
IRF332 
SEF333 
IRF333 
SEF420 
IRF420 
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HARRIS 
INDUSTRY 
REPLACEMENT 
TYPE 
TYPE 


SEF421 
IRF421 
SEF422 
IRF422 


SEF423 
IRF423 


SEF430 
IRF430 
SEF431 
IRF431 
SEF432 
IRF432 


SEF433 
IRF433 
SEF510 
IRF510 
SEF511 
IRF511 


SEF512 
IRF512 


SEF513 
IRF513 
SEF520 
IRF520 
SEF521 
IRF521 
SEF522 
IRF522 


SEF523 
IRF523 


SEF530 
IRF530 
SEF531 
IRF531 
SEF532 
IRF532 


SEF533 
IRF533 
SEF620 
IRF620 
SEF621 
IRF621 
SEF622 
IRF620 
SEF623 
IRF623 
SEF630 
IRF620 
SEF631 
IRF631 
SEF632 
IRF632 


SEF633 
IRF633 
SEF710 
IRF722 


SEF711 
IRF723 


SEF712 
IRF722 


SEF713 
IRF722 
SEF720 
IRF720 
SEF721 
IRF721 
SEF722 
IRF722 


SEF723 
IRF723 
SEF730 
IRF730 
SEF731 
IRF731 
SEF732 
IRF732 


SEF733 
IRF733 
SEF620 
IRF620 
SEF621 
IRF621 
SEF622 
IRF622 
SEF623 
IRF623 
SEF630 
IRF630 
SEF631 
IRF631 
SEF632 
IRF632 
SEF633 
IRF633 
SEFF120 
IRFF120 
SEFF121 
IRFF121 


SEFF122 
IRFF122 
SEFF123 
IRFF123 
SEFH7N45 
RFH10N45 
SEFH7N50 
RFH10N50 
SEFH6N35 
RFH12N35 
SEFH6N40 
RFH12N40 
SEFH15N16 
RFH25N16 
SEFH15N20 
RFH25N20 
SEFH25N06 
RFH35N06 
SEFH25N10 
RFH35N10 
SEFH35N05 
RFH45N05 
SEFH35N06 
RFH45N06 
SEFM2N45 
IRF423 
SEFM3N35 
IRF323 
SEFM3N40 
IRF322 
SEFM4N45 
IRF431 
SEFM4N50 
IRF430 
SEFM5N16 
RFM6N16 
SEFM5N20 
RFM6N20 
SEFM5N35 
RFM7N35 
SEFM5N40 
RFM7N40 


HARRIS 
INDUSTRY 
REPLACEMENT 
TYPE 
TYPE 


SEFM7N45 
RFK10N45 
SEFM7N50 
RFK10N50 
SEFM6N16 
IRF230 
SEFM6N20 
IRF230 
SEFM10N05 
IRF133 
SEFM10N06 
IRF133 
SEFM10N06 
IRF120 
SEFM10N10 
IRF120 
SEFM12N05 
IRF131 
SEFM12N06 
IRF131 
SEFM12N06 
RFM12N06 
SEFM12N10 
RFM12N10 
SEFM15N05 
RFM15N05 
SEFM15N06 
RFM15N06 
SEFM15N16 
RFK25N16 
SEFM15N20 
RFK25N20 
SEFM25N05 
RFM25N05 
SEFM25N06 
RFM25N06 
SEFM25N06 
RFK35N06 
SEFM25N10 
RFK35N10 
SEFM35N05 
FRK45N05 
SEFM35N06 
RFK45N06 
SEFP2N45 
IRF623 
SEFP3N35 
IRF323 
SEFP3N40 
IRF322 
SEFP4N45 
IRF631 
SEFP4N50 
IRF630 
SEFP5N05 
IRF123 
SEFP5N06 
IRF123 
SEFP5N18 
RFP8N18 
SEFP5N20 
RFP8N20 
SEFP5N35 
IRF331 
SEFP5N40 
IRF330 
SEFP8N18 
RFP12N18 
SEFP8N20 
RFP12N10 
SEFP10N05 
IRF133 
SEFP10N06 
IRF133 
SEFP10N08 
RFP12N08 
SEFP10N10 
RFP12N10 
SEFP12N05 
RFP15N05 
SEFP12N06 
RFP15N06 
SEFP12N08 
RFP12N08 
SEFP12N10 
RFP12N10 
SEFP15N05 
RFP15N05 
SEFP15N06 
RFP15N06 
SEFP25N05 
RFP25N05 
SEFP25N06 
RFP25N06 
SGSP101 
IRFF110 
SGSP102 
RFL1N08 
SGSP111 
IRFF120 
SGSP112 
IRFF120 
SGSP116 
IRFF230 
SGSP117 
IRFF330 
SGSP119 
IRFF430 
SGSP121 
IRFF131 
SGSP122 
IRFF131 
SGSP130 
IRFF421 
SGSP131 
IRFF322 
SGSP132 
IRFF323 
SGSP139 
IRFF420 
SGSP151 
IRFF122 
SGSP152 
IRFF122 
SGSP154 
IRFF423 
SGSP157 
IRFF121 
SGSP158 
IRFF121 
SGSP301 
RFP2N10 
SGSP302 
RFP2N10 
SGSP311 
IRF520 
SGSP312 
IRF520 
SGSP316 
IRF723 


HARRIS 
INDUSTRY 
REPLACEMENT 
TYPE 
TYPE 


SGSP317 
IRF632 
SGSP319 
IRF820 
SGSP321 
RFP15N06 
SGSP322 
RFP15N05 
SGSP330 
IRF821 
SGSP331 
IRF722 
SGSP332 
IRF723 
SGSP351 
IRF522 
SGSP352 
IRF522 
SGSP354 
IRF823 
SGSP357 
IRF521 
SGSP358 
IRF521 
SGSP361 
RFP15N05 
SGSP362 
RFP18N06 
SGSP364 
IRF831 
SGSP365 
IRF730 
SGSP366 
IRF731 
SGSP367 
RFP12N20 
SGSP369 
IRF830 
SGSP381 
RFP25N06 
SGSP382 
RFP25NQ5 
SGSP422 
RFH45N08 
SGSP461 
RFH35N10 
SGS462 
RFH35N08 
SGSP463 
RFH12N35 
SGSP464 
RFH10N45 
SGSP465 
RFH12N40 
SGSP466 
RFH12N35 
SGSP467 
RFH12N35 
SGSP469 
RFH10N50 
SGSP471 
RFH35N10 
SGSP472 
RFH35N08 
SGSP474 
RFH10N45 
SGSP475 
RFH12N40 
SGSP476 
RFH12N35 
SGSP477 
RFH25N20 
SGSP479 
RFH10N50 
SGSP481 
RFH35N08 
SGSP482 
RFH35N06 
SGSP491 
RFH45N06 
SGSP492 
RFH45N05 
SGSP511 
IRF120 
SGSP512 
IRF120 
SGSP516 
IRF331 
SGSP517 
IRF232 
SGSP519 
IRF420 
SGSP530 
IRF421 
SGSP531 
IRF322 
SGSP532 
IRF323 
SGSP561 
RFM18N10 
SGSP562 
RFM18N08 
SGSP563 
IRF353 
SGSP564 
IRF431 
SGSP565 
IRF330 
SGSP566 
IRF331 
SGSP567 
RFM12N20 
SGSP569 
IRF430 
SGSP571 
RFK35N10 
SGSP572 
RFK35N08 
SGSP573 
IRF351 
SGSP574 
RFM10N45 
SGSP577 
RFH25N20 
SGSP579 
RFM10N50 
SGSP581 
RFK45N06 
SGSP582 
RFK45N05 
SGSP591 
RFK45N06 
SGSP592 
RFK45N05 
TN0106N2 
RFL1N08 
TN0110N2 
RFL1N10 
TN0520N2 
RFL1N20 


HARRIS 
INDUSTRY 
REPLACEMENT 
TYPE 
TYPE 


UNF120 
IRF120 
UNF121 
IRF121 
UNF122 
IRF122 
UNF123 
IRF123 
UNF130 
IRF130 
UNF131 
IRF131 
UNF132 
IRF132 
UNF133 
IRF133 
UNF150 
IRF150 
UNF151 
IRF151 
UNF152 
IRF152 
UNF153 
IRF153 
UNF220 
IRF220 
UNF221 
IRF221 
UNF222 
IRF222 
UNF223 
IRF223 
UFN230 
IRF230 
UFN231 
IRF231 
UNF232 
IRF232 
UFN233 
IRF233 
UFN240 
IRF240 
UFN241 
IRF241 
UFN243 
IRF243 
UFN250 
IRF250 
UFN251 
IRF251 
UFN252 
IRF252 
UFN253 
IRF253 
UFN320 
IRF320 
UFN321 
IRF321 
UFN322 
IRF322 
UFN323 
IRF323 
UFN330 
IRF330 
UFN331 
IRF331 
UFN332 
IRF332 
UFN333 
IRF333 
UFN350 
IRF350 
UFN351 
IRF351 
UFN352 
IRF352 
UFN353 
IRF353 
UFN420 
IRF420 
UFN421 
IRF421 
UFN422 
IRF422 
UFN423 
IRF423 
UFN430 
IRF430 
UFN431 
IRF431 
UFN432 
IRF432 
UFN433 
IRF433 
UFN450 
IRF450 
UFN451 
IRF451 
UFN452 
IRF452 
UFN453 
IRF453 
UFN510 
IRF510 
UFN511 
IRF511 
UFN512 
IRF512 
UFN513 
IRF513 
UFN520 
IRF520 
UFN521 
IRF521 
UFN522 
IRF522 
UFN523 
IRF523 
UFN530 
IRF530 
UFN531 
IRF531 
UFN532 
IRF532 
UFN533 
IRF533 
UFN610 
IRF610 
UFN611 
IRF611 
UFN612 
IRF612 
UFN613 
IRF613 
UFN620 
IRF620 
UFN621 
IRF621 
UFN622 
IRF622 


HARRIS 
INDUSTRY 
REPLACEMENT 
TYPE 
TYPE 


UFN623 
IRF623 
UFN630 
IRF630 
UFN631 
IRF631 
UFN632 
IRF632 
UFN633 
IRF633 
UFN641 
IRF641 
UFN643 
IRF643 
UFN710 
IRF722 
UFN711 
IRF723 
UFN712 
IRF722 
UFN713 
IRF723 
UFN720 
IRF720 
UFN721 
IRF721 
UFN722 
IRF722 
UNF723 
IRF723 
UFN730 
IRF730 
UFN731 
IRF731 
UFN732 
IRF732 
UFN733 
IRF733 
UFN820 
IRF820 
UFN821 
IRF821 
UFN822 
IRF822 
UFN823 
IRF823 
UFN830 
IRF830 
UFN831 
IRF831 
UFN832 
IRF832 
UFN833 
IRF833 
UFNF432 
IRFF432 
UFNF433 
IRFF433 
UFNF110 
IRFF110 
UFNF111 
IRFF111 
UFNF112 
IRFF112 
UFNF113 
IRFF113 
UFNF120 
IRFF120 
UFNF121 
IRFF121 
UFNF122 
IRFF122 
UFNF123 
IRFF123 
UFNF130 
IRFF130 
UFNF131 
IRFF131 
UFNF132 
IRFF132 
UFNF133 
IRFF133 
UFNF210 
IRFF210 
UFNF211 
IRFF211 
UFNF212 
IRFF212 
UFNF213 
IRFF213 
UFNF220 
IRFF220 
UFNF221 
IRFF221 
UFNF222 
IRFF222 
UFNF223 
IRFF223 
UFNF230 
IRFF230 
UFNF231 
IRFF231 
UFNF232 
IRFF232 
UFNF233 
IRFF233 
UFNF320 
IRFF320 
UFNF321 
IRFF321 
UFNF322 
IRFF322 
UFNF323 
IRFF323 
UFNF330 
IRFF330 
UFNF331 
IRFF331 
UFNF332 
IRFF332 
UFNF333 
IRFF333 
UFNF420 
IRFF420 
UFNF421 
IRFF421 
UFNF422 
IRFF422 
UFNF423 
IRFF423 
UFNF430 
IRFF430 
UFNF431 
IRFF431 
UFNF432 
IRFF432 
UFNF433 
IRFF433 
VM1210N1 
RFM12N10 


HARRIS 
INDUSTRY 
REPLACEMENT 
TYPE 
TYPE 


VN10KE 
IRFF113 
VN30AB 
RFL2N05 
VN35AA 
IRF513 
VN35AB 
RFL2N05 
VN35AK 
RFL2N05 
VN40AD 
IRF513 
VN46AD 
IRF513 
VN64GA 
IRF133 
VN66AD 
IRF513 
VN66AK 
RFL2N06 
VN67AA 
IRF513 
VN67AB 
RFL2N06 
VN67AD 
IRF513 
VN67AK 
RFL2N06 
VN88AD 
IRF510 
VN89AB 
RFL1N08 
VN89AD 
IRF512 
VN90AA 
IRF512 
VN90AB 
RFL1N10 
VN98AK 
RFL1N10 
VN99AA 
IRF512 
VN99AK 
RFL1N10 
VN0104N2 
RFL1N08 
VN0104N5 
IRF513 
VN0106N2 
RFL1N08 
VN0106N5 
IRF513 
VN0109N2 
RFL1N10 
VN0109N4 
IRFF112 
VN0109N5 
RFP2N10 
VN0110N2 
IRFF112 
VN0110N5 
IRF512 
VN0114N2 
IRFF223 
VN0114N5 
IRF611 
VN0116N2 
RFL1N18 
VN0116N5 
RFP2N18 
VN0120N2 
RFL1N20 
VN0120N5 
RFP2N20 
VN0204N2 
RFL2N05 
VN0204N5 
IRF513 
VN0206N2 
RFL2N06 
VN0206N5 
IRF513 
VN0210N2 
RFL1N10 
VN0210N5 
IRF512 
VN0215N2 
IRFF231 
VN0215N5 
IRF633 
VN0216N2 
RFL1N18 
VN0216N5 
RFP2N18 
VN0220N2 
RFL1N20 
VN0220N5 
RFP2N20 
VN0300B 
RFL2N05 
VN0300D 
RFP4N05 
VN0330N1 
IRF353 
VN0330N2 
IRFF331 
VN0335N1 
IRF323 
VN0335N2 
IRFF323 
VN0335N5 
IRF723 
VN0340N1 
IRF320 
VN0340N2 
IRFF322 
VN0340N5 
IRF322 
VN0345N1 
IRF421 
VN0345N2 
IRFF423 
VN0345N5 
IRF823 
VN0350N1 
IRF420 
VN0350N2 
IRFF422 
VN0350N5 
IRF822 
VN0400A 
RFM15N05 
VN0400D 
RFP15N05 
VN0401A 
RFM15N05 
VN0401D 
RFP15N05 
VN0430N1 
IRF351 


wo:; 
>c:l 
a: I- 
I-Z 
en w 
:>:;: 
Ow 
Z u 
-5 
l>.. 
Wa: 


HARRIS 
INDUSTRY 
REPLACEMENT 
TYPE 
TYPE 


VN0435N1 
IRF351 
VN0440N1 
IRF350 
VN0445N1 
IRF451 
VN0450N1 
IRF450 
VN0545N2 
IRFF423 
VN0600A 
RFM25N06 
VN0600D 
RFP25N06 
VN0601A 
RFM15N06 
VN0601D 
RFP15N06 
VN0800A 
RFM18N08 
VN0800D 
RFP18N08 
VN0801A 
RFM12N08 
VN0801D 
RFP12N08 
VN1000A 
IRF130 
VN1000D 
IRF530 
VN1001A 
IRF132 
VN1001D 
IRF532 
VN1106N1 
IRF121 
VN1106N2 
IRFF111 
VN1106N5 
IRF511 
VN1110N1 
IRF122 
VN1110N2 
IRFF130 
VN1110N5 
IRF522 
VN1116N1 
IRF222 
VN1116N2 
IRFF222 
VN1116N5 
IRF613 
VN1120Nl 
IRF222 
VNl120N2 
IRFF212 
VNl120N5 
IRF612 
VNl156Nl 
IRF231 
VNl156N2 
IRFF231 
VNl156N5 
IRF631 
VN1200A 
RFM15N12 
VN1200D 
RPFl5"N12 
VN1201A 
RFM15N12 
VN1201D 
RFP15N12 
VN1204N1 
IRF121 
VN1204N2 
IRFF121 
VN1204N5 
IRF521 
VN1206B 
RFUN12 
VN1206D 
RFP2N12 
VN1206N1 
IRF121 
VN1206N2 
IRFF121 
VN1206N3 
IRF521 
VN1210N2 
IRFF120 
VN1210N5 
IRF520 
VN1215N1 
IRF241 
VN1215N2 
IRFF231 
VN1215N5 
IRF641 


HARRIS 
INDUSTRY 
REPLACEMENT 
TYPE 
TYPE 


VN1216Nl 
IRF220 
VN1216N2 
IRFF220 
VN1216N5 
IRF620 
VN1220Nl 
IRF220 
VN1220N2 
IRFF220 
VN1220N5 
IRF620 
VN1304N2 
RFL1N08 
VN1306N2 
RFL1N08 
VN1310N2 
RFL1N10 
VN1315N2 
IRFF213 
VN1320N2 
IRFF212 
VN1706B 
RFl1N18 
VN1706D 
RFP2N18 
VN2345N1 
RFM6N45 
VN2345N5 
RFP6N45 
VN2350Nl 
RFM6N50 
VN2350N5 
RFP6N50 
VN2406B 
IRF723 
VN3500A 
RFM7N35 
VN3500D 
RFP7N35 
VN3501A 
IRF331 
VN3501D 
IRF731 
VN4000A 
RFM7N40 
VN4000D 
RFP7N40 
VN4001A 
IRF330 
VN4001D 
IRF730 
VN4501A 
RFM6N45 
VN4501D 
RFP6N45 
VN4502A 
IRF431 
VN4502D 
IRF831 
VN5001A 
RFM6N50 
VN5001D 
IRF430 
VN5002 
RFP6N50 
VN5002A 
IRF430 
VN5002D 
IRF830 
VP0104N2 
RFL1P08 
VP0104N5 
RFP2P08 
VP0106N2 
RFL1P08 
VP0106N5 
RFP2P08 
VP0109N5 
RFP2P08 
VP0204N2 
RFl1P08 
VP0204N5 
RFP2P08 
VP0206N2 
RFL1P08 
VP0206N5 
RFP2P08 
VP0210N2 
RFL1P10 
VP1106N1 
RFM6P08 
VP1106N5 
RFP6P08 
VP1110Nl 
RFM6P10 
VP1110N5 
RFP6P10 


HARRIS 
INDUSTRY 
REPLACEMENT 
TYPE 
TYPE 


ZVN0102B 
IRFF113 
ZVN0102L 
IRF513 
ZVN0106B 
RFL1N08 
ZVN0106L 
RFP2N08 
ZVN0108B 
RFL1N08 
ZVN0108L 
RFP2N08 
ZVN2104B 
IRFF113 
ZVN2104L 
IRF513 
ZVN2106B 
IRFFl13 
ZVN2106L 
IRF513 
ZVN2110B 
RFL1Nl0 
ZVN2110L 
RFP2N10 
ZVN2202B 
IRFF123 
ZVN2202L 
IRF523 
ZVN2202M 
IRF123 
ZVN2204B 
IRFF123 
ZVN2204L 
IRF523 
ZVN2204M 
IRF123 
ZVN2206B 
IRFF123 
ZVN2206L 
IRF523 
ZVN2206M 
IRF123 
ZVN2208B 
IRFF112 
ZVN2208L 
IRF512 
ZVN2208M 
IRF122 
ZVN2210B 
IRFF112 
ZVN2210L 
IRF512 
ZVN2210M 
IRF122 
ZVN2215B 
IRFF213 
ZVN2215L 
IRF613 
ZVN2215M 
IRF223 
ZVN2220B 
IRFF212 
ZVN2220L 
IRF612 
ZVN2220M 
IRF222 
ZVP0102B 
RFl1P08 
ZVP0102L 
RFP2P08 
ZVP2104B 
RFl1P08 
ZVP2104L 
RFP2P08 
ZVP2106B 
RFL1P08 
ZVP2106L 
RFP2P08 
ZVP2202L 
RFP6P08 
ZVP2202M 
RFM6P08 
ZVP2204L 
RFP6P08 
ZVP2204M 
RFM6P08 
ZVP2206L 
RFP6P08 
ZVP2206M 
RFM6P08 
ZVP2208M 
RFM6P08 
ZVP221OM 
RFM6P10 
ZVP2215L 
RFP5P15 
ZVP2215M 
RFM5P15 


ADVANCED POWER MOS 
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Features: 
• Current 
Limits to a Pre-Set 
Level 
in a Shorted 
Load 
Condition 
• Monolithic 
Device 
Incorporates 
a Bipolar 
Transistor, 
2 
Resistors, 
a Zener 
Diodes 
and a Power 
MOSFET 
• ESD Protected 
to 2kV 
• "Logic-Lever 
Gate Input Allows 
Fully on Condition 
at 5V 
Maximum 
Ratings 


0.75 


0.12 


Package, 


ESO 
(kV) 
TO·220 


2 
RLP1NOSLE 


2 
RLP5NOSLE 


BVOSS 
IOSILIM) 
rOS ION) 
(V) 
(A) 
(0) 


Features: 


• Current 
Limits to a Pre-Set 
Level in a Shorted 
Load 
Condition 
• Monolithic 
Device 
Incorporates 
a Bipolar 
Transistor, 
2 Resistors, 
2 Zener 
Diodes 
and a Power 
MOSFET 
• Excessive 
Drain-Source 
Voltage 
Clamped 
by Active 
Region 
Turn-On 


Terminal Diagram 


• Built-In 
Current 
Sensing 
Function 
to be Used as a Feed- 
Back Signal 
for Control 
and/or 
Protection 
• Low RDSIONl- 
0.10 
• Current 
Sllnslhg 
Ratio - 1560. 
2.5% 
• Alalanche 
Energy 
Rated for Ruggedness 


SOURCE 


KELVIN 


CURRENT 
SENSE 


Package, 


Maximum 
Ratings 


BVOSS 
IOSR-1M) 
rOS ~ON) 
ESO 
(V) 
( ) 
( 
) 
(kV) 
TO·220 


60 
0.75 
2 
RLP1N06CLE 


Maximum 
Ratings 


BVOSS 
(V) 


100 


ESO 
(kV) 
TS-001 


RFB18N10CS 


MOSFETs 
Logic Level Product Series 


Package 


ffi 
rf)J , •,, 


~ 
Maximum 
Ratings 


BVoss Ics RoS1ON)E.s 
(V) 
(A) 
(n) 
(mJ) 
TO-2D5AF 
TO-204M 
TO-251 
TO-252 
TO-22OAB 
TO-247 
4PIN DIP 


N-Channel 


50 
2 
0.750 
N.R 
RFL2N05L 
4 
0.600 
N.R 
RFP4N05L 
14 
0.100 
10C 
RFD14N05L 
RFD14N05LSM 
RFP14N05L 
15 
0.140 
N.R 
RFM15N05L 
RFP15N05L 
16 
0.047 
200 
RFD16N05L 
RFD16N05LSM 
25 
0.047 
200 
RFP25N05L 
50 
0.022 · 
RFP50N05L 
RFG50N05L 
60 
2 
0.750 
N.R 
RFL2N06L 
2 
0.160 · 
IREW2N06RtE1 


4 
0.600 
N.R 
t./I'lF'04NOiltL 1 
[flI!t)4f.j06E$MJ 
RFP4N06L 
12 
0.135 · 
RFD12N06RLE 
RFDl2N06LESM 
RFP12N06RLE 
12 
0.160 · 
RFD3055RLE 
RFD3055RLESM 
RFP3055RLE 
15 
0.140 
N.R 
RFM15N06L 
RFP15N06L 
17 
0.100 
N.R 
RFP17N06L 
25 
0.070 
N.R 
RFM25N06L 
80 
1 
1.200 
N.R 
RFL1N08L 
2 
1.050 
N.R 
RFP2N08L 
3 
0.800 
N.R 
rJ;lFI:)~!·W%1 
liRI'tl3f.!q8~1 
12 
0.200 
N.R 
RFM12N06L 
RFP12N08L 
15 
0.140 
N.R 
II/RFPI0N08L'!1 
100 
1 
1.200 
N.R 
RFL1Nl0L 
1.5 
1.400 
N.R 
2N6901·· 
2 
1.050 
N.R 
RFP2Nl0L 
12 
0.200 
N.R 
RFM12Nl0L 
RFP12Nl0L 
12 
0.200 
N.R 
2N6902·· 
120 
1 
1.900 
N.R 
RFL1N12L 
2 
1.750 
N.R 
RFP2N12L 
10 
0.300 
N.R 
RFM10N12L 
RFP10N12L 
150 
1 
1.900 
N.R 
RFL1N15L 
2 
1.750 
N.R 
RFP2N15L 
10 
0.300 
N.R 
RFM10N15L 
RFP10N15L 
180 
1 
3.650 
N.R 
RFL1N18L 
2 
3.500 
N.R 
RFP2N18L 
8 
0.500 
N.R 
RFM8N18L 
RFP8N18L 
200 
1 
3.650 
N.R 
RFL1N20L 
1.5 
3.650 
N.R 
2N6903·· 
2 
3.500 
N.R 
RFP2N20L 
8 
0.650 
N.R 
RFM8N2OL 
RFP8N20L 
8 
0.500 
N.R 
2N6904·· 


P-Channel 


I 
30 
8 
0.300 · 
I I'lFpaf>03l..i;/1 
ril'llZDIl!-'Q3t.~MII pal"l'$PQ$+1 


"More complete 
ruggedness 
capability 
now specified; 
UIS current vs time in avalanche 
graph on data sheet 


I$~PIN(3lindicates 
Developmental 
Products - N.R. Not Rated for UIS capability 
- 
•• QPL Approved 
Types 


The Rugged Series of Power MOSFETs 
are designed, 
tested and guaranteed 
to withstand 
a specified 
level of 
circuit Induced electrical 
stress in the breakdown 
avalanche 
mode of operation. 
These are n-channel 
enhancement 
mode polysilicon 
gate power field effect transistors 
designed 
for applications 
such as switching 
regulators, 
switching 
converters, 
motor and relay drivers and drivers for high power bipolar switching 
transistors 
requiring 
high speed and low gate drive power. 


Using state-of-the-art 
integrated 
circuit processing 
techniques 
these Rugged MOSFETs 
provide superior 
perfonnance 
In Inductive switching 
al?plications. The design is optimized 
to suppress the parasitic 
bipolar 
transistor 
and Improve system reliability. 
These types can be driven directly from integrated 
circuits. 


Rugged Series devices are identified 
by the suffix letter R following the type number. 


Features: 


• Single 
Pulse Alalanche 
Energy 
Rated 
• SOA is Power 
Dissipation 
limited 
• Nanosecond 
Switching 
Speeds 
• linear 
Transfer 
Characteristics 
• High Input Impedance 
• Allows 
Reduced 
Protection 
Circuitry 
• Reduced 
Drive Requirements 
• Increased 
System 
Reliability 


Junction 
Diagram 
Showing 
Biasing 
Arrangements 


f 


G. 


N: 


Package 
iff 
~ , •, jfI , , 


~ 


~ 


Maximum 
Ratings 


B';eM 
~~~I~rlT~~ T0-205AF 
TO-204 
TO-251 
TO-252 
To-220AB 
T0-247 
T0-218 
MO-093 
4PIN 
DIP 


N-Channel 


50V 
2. 
I.Rr 
NR 
RF12N°!; 
A 
IQ' 
NR 
RI=P4NM 
1~. 
.12 
NR 
BIIZ71A 
14. 
.10, 
NR 
BUZ71 
14 
110, 
tnn 
15.0 
0.140 
NR 
RFM15N05 
RFP15N05 
16.0 
0.047 
200 
RFD16N05 
RFD16N05SM 
25.0 
0.047 
200 
RFP25N05 
30.0 
0.040 
NR 
BUZll 
45.0 
0.040 
NR 
RFK45N06 
RFH45N05 
50.0 
0.022 
400 
RFP50N05 
RFG50N05 
75.0 
0.010 
800 
RFH75N05E 
100. 
0.010 
800 
RFA100N05E 
60V 
0.40 
3.2 
NR 
IRFD1Z3 
0.05 
2.4 
NR 
IRFD1Zl 
0.80 
2.0 
NR 
RFP4N06 
0.95 
4.0 
NR 
RF12N06 
8.00 
0.36 
NR 
IRFl23 
9.20 
0.27 
NR 
IRF121 
15.0 
0.14 
NR 
RFM15N06 
RFP15N06 
25.0 
0.Q7 
NR 
RFM25N06 
33.0 
0.08 
150 
IRFl53(R 
34.0 
0.085 
150 
IRFPl53 
Rl 
40.0 
0.055 
150 
IRF151(R 
IRFP151 
RI 
45.0 
0.04 
NR 
RFK45N06 
RFH45N06 
70.0 
0.014 . 
""""'RFP70N08"," ,,,,,',,,,,,RFG70N06,,"'" 
80V 
0.80 
0.8 
19 
IRFDl13 
R 
1.0 
0.6 
19 
IRFD1111RI 
1.0 
1.2 
NR 
RFL1N08 
1.1 
0.4 
36 
1.3 
0.3 
36 
, 


2.0 
1.05 
NR 
RFP2N08 
3.0 
0.8 
19 
IRFFl13R 
3.5 
0.6 
19 
IRFFlll 
R 
4.9 
0.74 
19 
IRF5131R 
5.0 
0.4 
36 
IRFF123 R 
5.6 
0.54 
19 
~ 
IRF511tR 
6.0 
0.3 
36 
IRFF121 RI 
., 


7.0 
0.25 
69 
IRFFl33 
RI 
8.0 
0.36 
36 
IRF523(R 
8.0 
0.18 
69 
IRFF131 Rl 
- 


Package 
ffi 
@J , ",, , , 


~ 


~ 


Maximum Rallngs 


B~~ 
IDSI~I 
EAS 
fAI 
ImW 
TO-205AF 
TO-204 
TO-251 
TO-252 
TO-220AB 
T0-247 
TO-218 
MO-093 
4PIN DIP 


N·Channel 


80V 
8.4 
.27 
36 
IRFU121 
IRFR121 
(conI) 
~.2 
.27 
AA 
~ 
IRF521 RI 
12. 
.20 
NR 
RFM12N08 
RFP12N08 
12. 
1.2.~ 
50 
IRFl3..~(R 
12. 
.23 
69 
IRF533 Rl 


- 


14. 
.1 
50 
IRF131 R 
14. 
.1 
69 
IRF531 R 
18. 
1 
NR 
RFM18N08 
RFP18N08 
25. 
.1 
100 
IRF143lR 
25. 
.1 
230 
IRF543 Rl 
27. 
. 99 
100 
IRFPl4.~R 
28. 
.n 
100 
IRF1411R 
28. 
.n 
230 
IRF541 Rl 
31- 
.n 
100 
IRFP141R 
35. 
. 55 
NR 
RFK35N08 
RFH35N08 
100V 
0.4 
NR 
IRFD1Z2 
0.5 
2.4 
NR 
IRFD1Z0 
O.R 
.R 
1~ 
IRFDl12 
RI 
1.0 
.6 
19 
IRFDll0lRl 
1.0 
.2 
NR 
RFl1Nl0 
1.1 
.4 
36 
IRFD122lRl 
1 
.3 
36 
IRFD120lRl 
2. 
1.05 
NR 
RFP2Nl 
3. 
.8 
19 
IRFFl12 R 
3. 
.6 
19 
IRFFll0lR 
4. 
74 
19 
IRF512 Rl 
5. 
.4 
36 
IRFFl22IR 
5. 
.54 
19 
IRF510lRI 
6. 
.3 
IRFFl20IR 
7 
.25 
9 
IRFFl32IR 


.36 
IRF522 Rl 
.18 
9 
IRFF130IR 


.36 
NR 
IRFl22 


.4 
.27 
36 
IRFlJ120 
IRFR120 
'.0 
.25 
NR 
BUZ72A 
2 
.27 
36 
IRF520lRl 
9.2 
.27 
NR 
IRF120 
12.0 
.2 
NR 
RFM12Nl0 
RFP12Nl0 
- 


12.0 
.2 
NR 
BUZ20 
12.0 
.23 
50 
IRF1321Rl 
12.0 
.23 
69 
IRF532 RI 


f=3: 
°0 
g"C/) 
j-n 
j!!om-I 
00 
o 
::J 
=!". 
::Jc: 
(l)C.-- 


Package 
ffi 
@J , ", ,, , 


~ 
~ 


Maximum Ratings 


B~Fi 
IDSI~ 
EAS 
{Ai 
(mil 
TO-205AF 
TO-204 
TO-251 
TO-252 
TO-220AB 
TO-247 
TO-218 
1.10-093 
4 PIN DIP 


N-Channel 


100V 
14.0 
.16 
50 
IRF130lRl 
(conI) 
14.0 
.16 
69 
IRF530IR 
4.7 
.54 
19 
::('IRFUll0' 
IRFR110"'''' 


16.0 
.1 
NR 
RFM18Nl0 
RFP18Nl0 
19.0 
.1 
NR 
BUZ21 
22.0 
. 
RFP22Nl0 
25.0 
.1 
1 
IRF142 Rl 
25.0 
.1 
2 
IRF542IR 
27.0 
· 99 
1 
IRFP142R 
28.0 
.77 
1 
IRF14ntR 
28.0 
.77 
2 
IRF540IR 
31.0 
.77 
1 
IRFP140R 
33.0 
1 
IRF152 RI 
34. 
5 
1 
IRFP152 R 
35. 
· 55 
NR 
RFK35Nl 
RFH35Nl 
40. 
· 55 
150 
IRF150lRl 
IRFP150 R 
40. 
· 40 . 
RFP40Nl0 
RFG40Nl0 
120V 
1. 
1.9 
NR 
RFl1N12 
2. 
1.75 
NR 
RFP2N12 
4. 
.4 
NR 
RFL4N12 
1. 
.3 
NR 
RFMlnN12 
RFPlnN12 
15. 
.15 
NR 
RFM15N12 
RFP15N12 


· 75 
NR 
RFK30N12 
- 
RFH3nN12 
150V 
.30 
.5 
NR 
IRFD2Z3 
.32 
5.0 
NR 
IRFD2Z1 
.45 
2.4 
3IJ 
IRFD213 R 


.6 
1.5 
30 
IRFD211 R 
.70 
1.2 
85 
~ 
IRFD223 R 
0.80 
0.8 
85 
IRFD221 R 
1.0 
1.9 
NR 
RFL1N15 
1.8 
2.4 
30 
IRFF213 R 
2.0 
1.75 
NR 
RFP2N15 
2.2 
1.5 
30 
IRFF211 RI 
2.6 
2.4 
46 
IRF6131R 
3.0 
1.2 
85 
IRFF223 RI 
3.3 
1.5 
46 
IRF6111R 
, 


3.5 
0.8 
85 
IH~~221(HJ 
- 


4.0 
0.4 
NR 
RFL4N15 
4.0 
1.2 
NR 
IRF223 
4.0 
1.2 
85 
IH~6231HI 
4.5 
0.6 
85 
IH~~233(R) 


~s:: 
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CD 
Q.- 


Package 
ffl 
@ , .,, fj1, , 


~ 
/J7P 


Maximum Ratings 


B~~ 
IDS IR~Gl)1 
EAS 
(Ai 
1\ 
(,Tiii 
TO·205AF 
TO·204 
T0-251 
TO·252 
TO·220AB 
TO·247 
TO-218 
MO-o93 
4 PIN OIP 


N·Channel 


150V 
4.6 
.8 
85 
IRFU221 
IRFR221 
(cont) 
". 
NR 
IRF221 
5. 
.8 
85 
IRF6211R 
". 
.4 
R5 
IRFF2:11 R 
8. 
.6 
150 
IRF233 Rl 
IRF633tR 
!l. 
.4 
1M 
IRF231 Rl 
IRF63l1R 
10. 
.3 
NR 
RFM10N15 
RFP10N15 
1". 
.15 
NR 
RFM15N15 
RFP15N15 
16. 
.22 
510 
IRFP243R 
HI. 
.22 
580 
IRF2431Rl 
IRF643IR 
18.0 
.18 
510 
IRFP241 R\ 
18. 
.18 
580 
IRF241 Rl 
IRF64l1R 
25. 
.12 
910 
IRF253 R\ 
27. 
.12 
810 
IRFP253IR\ 
30. 
. 75 
NR 
RFK30N15 
RFH3ON15 
30. 
.085 
910 
IRF251 Rl 
33. 
.085 
810 
IRFP251 R 
180V 
1. 
.65 
NR 
RFL1NI8 
2. 
3.5 
NR 
RFP2N18 
Rl 
I." 
NR 
RFMRNIR 
RFPRNIR 
12. 
.25 
NR 
RFM12N18 
RFP12N18 
2". 
1" 
NR 
RFK25N1R 
RFH25N18 
200V 
0.3 
.5 
NR 
IRFD2Z2 
1.:12 
;.n 
NR 
IRFD2Z 
.45 
2.4 
IRFD212 R 
1.5 
IRFD2l0,R 
.7 
1.2 
5 
IRFD222 R 
n.R 
5 
IRFD220,R 
1. 
3.65 
NR 
RFL1N20 
1. 
2.4 
30 
IRFF212 Rl 
2. 
3.5 
NR 
RFP2N20 
22 
15 
IRFF2l0lRl 
2.6 
2.4 
IRF612 R 


:1.n 
12 
IRFF222 Rl 
3.3 
1.5 
IRF610(R 


:1. 
n.R 
5 
IRFF220IR\ 
3. 
1.2 
IRFU222 
IRFR222 
4. 
1.2 
NR 
IRF222 
4. 
1.2 
85 
IRF622 R 
4. 
n.1I 
85 
IRFF232 R\ 
4.6 
0.8 
85 
IRFU220 
JRFR220 
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°0 
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o 
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Package 
ffl 
~ 
t!!!I~.,,, , , 


~ 
~ 


Maximum Ratings 


B~~ 
~~~ ~ 
~~~ 
TO-205AF 
TO-204 
TO-251 
TO-252 
TO-220AB 
TO-247 
TO-218 
1.40-093 
4 PIN DIP 


N·Channel 


200V 
5.0 
.8 
NR 
IRF220 
(conI) 
5.0 
1.8 
NR 
IRF620 R 
5.5 
.4 
85 
IRFF230 R 
5.8 
.6 
NR 
8.0 
.5 
NR 
BUZ73A 
8.0 
.6 
150 
IRF232 RI 
RFP8N20 
9.0 
.4 
150 
IRF230 RI 
IRF632IR 
9.5 
.4 
NR 
RFM8N20 
IRF630 R 
12.0 
.25 
NR 
RFM12N20 
BUZ32 
12.5 
.2 
NR 
RFP12N20 
16.0 
.22 
510 
BUZ31 
16. 
.22 
580 
IRF242 Rl 
IRFP242R 
18.0 
.18 
510 
IRF642 R 
18.0 
.18 
580 
IRF240fRl 
IRFP240R 
25.0 
.12 
910 
IRF252 Rl 
IRF640 R 
25.0 
.15 
NR 
RFK25N2O 
27.0 
.12 
810 
RFH25N20 
30.0 
.085 
910 
IRF250lRl 
IRFP252 RI 
33.0 
.085 
81 
250V 
3.3 
1.5 
120 
IRFP250lRl 
3.8 
1.1 
120 
IRF625 
6.5 
1.68 
1 0 
IRF235 
IRF624 
8.1 
.45 
1 0 
IRF234 
IRF635 
13.0 
.34 
5 
IRF245 
IRF634 
14.0 
1.2B 
5 
IRF244 
IRF645 
IRFP245 
15.0 
1.28 
5 
IRF644 
20.0 
0.17 
1000 
IRF255 
IRFP244 
21.0 
.17 
1000 
22.0 
0.14 
1000 
IRF254 
IRFP255 
23.0 
0.14 
1000 
275V 
3.3 
1.5 
12 
IH~t'254 
3.8 
1.1 
12 
IRF627 
6.5 
0.68 
1 
IRF237 
IRF626 
8.1 
.45 
1 
IRF236 
IRF637 
13.0 
0.34 
5E 
IRF247 
IRF636 
14.0 
0.28 
5 
IRF246 
IRF647 
IRFP247 
15.0 
0.28 
550 
IRF646 


;w.u 
U.lI 
IUUU 
IH~201 
IRFP246 
21.0 
0.17 
1000 
22.0 
0.14 
1000 
IRF256 
IRFP257 
23.0 
0.14 
1000 
IRFP256 
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Package 
ffi 
@ 
tflt4 •,, , , 


''>. 
~ 
I: 


Maximum Rallngs 


B~FlIDS I~ 
EAS 
tAl 
tmil 
TO-205AF 
TO·204 
T0-251 
TO-252 
TO-22OAB 
TO-247 
TO·218 
1.40-093 
4PIN DIP 


N·Channel 


350V 
0.3 
5.0 
45 
IRFD313 R 
0.4 
3,6 
4 
IRFD311 R 
0.4 
2.5 
1 
IRFD323 R 
0.5 
1. 
1 
IRFD!I?l 
R 
1.15 
5. 
1 
IRFF3131R 
1.!I~ 
!I. 
1 
IRFF311lR 
1.7 
5. 
12 
IRF713IR 
2. 
!I. 
1 
IRF7111R 
2. 
2.5 
1 
IRFF323tR 
2. 
1.8 
1 
IRFF!l21IR 
2. 
2.5 
1 
IRF723tR 
2. 
2.5 
NR 
IRF323 
3. 
1.5 
300 
IRFF333(R 
3.1 
1. 
190 
IRFU321 
IRFR321 
3.3 
1. 
190 
IRF721tR 
3.3 
1. 
NR 
IRF321 
3.5 
1. 
300 
IRFF33l1R 
4.0 
2. 
NR 
RFM4N35 
RFP4N35 
4.5 
1.5 
300 
IRF333IR\ 
IRF733IR 
5.5 
1. 
300 
IRF331 R\ 
IRF731tR 
7.0 
.7 
NR 
RFM7N35 
RFP7N35 
.n 
52 
IRF743IR 
.3 
5 
IRF343 R\ 
.7 
IRFP!l4·.'~R 
1. 
.55 
5 
IRF341 R\ 
IRF7411R 
11- 
S'i 
IRFP!I41R 
12. 
.5 
NR 
RFM12N35 
RFH12N35 
1!I. 
4 
7 
IRF!I~!I(RI 
14. 
.4 
7 
IRFP353 Rl 
1. 
7 
IRF!I-'il Rl 
IRFP!l-'il RI 
1. 
.3 
7 
400V 
IRFD3121R 
.4 
3. 
45 
IRFD310lR 


.4 
2 
1 
IRFD322IR 


.5 
1. 
1 
IRFD320IR 
1.1~ 
~. 
1 
IRFF312 Rl 
1.35 
3. 
1 
IRFF310tRl 
17 
~. 
1 
IRF712IR 
2.0 
3. 
1 
IRF710IR 
2.n 
2. 
1 
IRFF322 R\ 
2.5 
1.8 
100 
IRFF320 Rl 


Package 
ffl 
~ , •, II, , 


~ 


''> 
/l~ 


V 


Maximum Ratings 


B~M 
~~~ R~ 
~~~ 
TO·205AF 
TO·204 
TO·251 
TO·252 
TO·220AB 
TO·247 
TO·218 
MO-o93 
4PIN DIP 


N·Channel 


400V 
2,6 
2.5 
190 
IRFU322 
IRFR322 
(conI) 
2,6 
2,5 
NR 
BUZ76A 
2. 
2,5 
190 
IRF722 RI 
2. 
2.5 
NR 
IRF322 
3. 
1.8 
NR 
BUZ76 
3. 
1.5 
300 
IRFF332lR 
3.1 
1. 
190 
IRFU320 
IRFR320 
3,3 
1. 
190 
IRF720 RI 
3.3 
1. 
NR 
IRF320 
3.5 
1. 
300 
IRFF330IR 
4.0 
2. 
NR 
RFM4N40 
RFP4N40 
4-5 
1-5 
300 
IRF332IR 
IRF732 RI 
4.5 
1.5 
NR 
BUZ60B 
5.5 
1.0 
300 
IRF330IR 
IRF730 RI 
5.5 
1,0 
NR 
BUZ60 
7.0 
.75 
NR 
RFM7N40 
RFP7N40 


.0 
1.8 
520 
IRF742 RI 


.3 
1,8 
520 
IRF342IR 
IRFP342R 
.7 
1.8 
480 
1 to 
,55 
520 
IRF340IR 
IRF740lRI 
11.0 
.55 
480 
IRFP340R 
11.5 
.4 
NR 
BUZ351 
12.0 
,5 
NR 
RFM12N40 
RFH12N40 
13.0 
.4 
700 
IRF3521R 
14.0 
.4 
700 
IRFP352 RI 
15.0 
,3 
700 
IRF350IR 
16,0 
0.3 
700 
IRFP3501Rl 
20.0 
0.25 
1200 
IRFP362 
22.0 
0.25 
980 
IRF362 
23.0 
0.2 
12 
IRFP360 
25.0 
0,2 
QE 
IRF3I\0 
- 


450V 
1.4 
4. 
21 
IRFF423 R 
1.8 
~, 
21 
IRFF42HR 
2.2 
4. 
21 
IRF823(R 
2.2 
4. 
NR 
IRF42~ 


2.25 
2. 
300 
IRFF433 R 
2.5 
~, 
210 
IRFLJ421 
IRFR421 
IRF82HR 
2.5 
3, 
NR 
IRF421 
2.75 
1. 
300 
IRFF4.'1llRI 
3.0 
~, 
NR 
RFM3N45 
RFP3N45 
4.0 
2.0 
300 
IRF4331RI 
IRF8331RI 


~:s: 
00 
[en 
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Package 
ffl 
@J "•,, , , 


~ 
L ' 


Maximum Ratings 


B~~ 
~~~I~I ~~~ 
TO-205AF 
TO-204 
T0-251 
TO-252 
TO-220AB 
TO-247 
TO-218 
MO-D93 
4PIN DIP 


N-Channel 


450V 
4.5 
1.5 
300 
IRF43l1RI 
IRF83l1RI 
(cont) 
6. 
1.25 
NR 
RFM6N45 
RFP6N45 
7. 
1.1 
510 
IRF443 RI 
IRF843IR 
7. 
1.1 
480 
IRFP443R 
R. 
.5 
510 
IRF441 RI 
IRF84l1R 
8. 
.85 
480 
IRFP441R 
1. 
.8 
NR 
RFM10N45 
RFHloN45 
11. 
.5 
IRF453 RI 
12. 
.5 
IRFP453IR 
13. 
4 
IRF451 RI 
14. 
.4 
IRFP45HR 
500V 
1.4 
4. 
21 
IRFF422 RI 
1.6 
3. 
21 
IRFF420lRl 
2.2 
4. 
21 
IRFU422 
IRFR422 
IRFR22IR 
2.2 
4. 
NR 
IRF422 
2.25 
2. 
300 
IRFF432 Rl 
2.5 
3. 
210 
IRFU420 
IRFR420 
IRF820IR 
2.5 
3. 
NR 
IRF420 
2.75 
1. 
300 
IRFF430IRI 
3. 
3_ 
NR 
RFM3N50 
RFP3N50 
4. 
2. 
300 
IRF432 RI 
IRF832(R 
4. 
2. 
NR 
BUZ42 
4. 
1. 
300 
IRF4..~OIRI 
IRF830IR 
4. 
1. 
NR 
BUZ41A 
8. 
1.2 
NR 
RFM6N50 
RFP6N50 
7. 
1. 
1 
IRF442 RI 
IRF842IR 
7. 
1.1 
IRFP442IR 
8. 
0.85 
1 
IRF440IRI 
IRF840IR 
R. 
O.R!; 
IRFP440IR 
8. 
NR 
BUZ45A 
9. 
NR 
BUZ45 
1. 
NR 
RFM10N50 
RFH10N50 
1. 
NR 
BUZ45B 
11. 
IRF452 RI 
12. 
IRFP452IR 
13. 
.4 
IRF450IR\ 
14. 
.4 
IRFP450IR 
17. 
.35 
9 
IRFP4fl2 
19. 
.35 
1 
IRF462 
20.' 
27 
9 
IRFP4flO 
21.0 
0.27 
1200 
IRF460 
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Package 
ffi 
@J f!!I~.,, ,, , 


~ 
L 


Maximum Ratings 


B~~ 
\~~ ~~~~ 
TO-205AF 
TO-204 
TO-251 
TO-252 
TO-220AB 
TO-247 
TO-218 
MO-o93 
4 PIN DIP 


N·Channel 


600V 
5.4 
1.6 
57 
IRFAC42R 
IRFBC42R 
5.9 
1.R 
41 
IRFPC42R 
8.2 
1.2 
57 
IRFAC40R 
IRFBC40R 
R.A 
1.2 
41 
IRFPC40R 
1000V 
3.9 
4.2 
4 
IRFPG42 
4.3 
3.5 
4 
IRFPG40 
4." 
"." 
NR 
RFP4Nl00 


* More complete ruggedness 
capability now specified; UIS current vs time in avalanche graph data sheet 


rSHADINGI 
indicates Developmental 
Products 
- N.R. Not Rated for UIS capability 
- **QPL Approved Types 
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00 
scn 
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Package 
ffl 
@J ".,,, , , 


~ 
l: 


Maximum Ratings 


B~F1IDS 
IR~ 
EAS 
tAl 
tmil 
TO-205AF 
TO-204 
To-251 
TO-252 
TO-220AB 
TO-247 
TO-218 
MO-o93 
4 PIN DIP 


P-Channel 


50V 
.3 
NR 
RFD8P05 
RFD8P05SM 
RFP8P05 
1. 
.1~ 
NR 
RFD15p05 
RFD15P05SM 
RFP15P05 
.065 
NR 
RFP30P05 
RFG30P05 
.026 
NR 
RFG60PO~E 
60V 
.6 
1.6 
1 
IRFD9113 
O.R 
7 
IRFDQ123 
2.5 
1.9 
1 
IRF9513 
3.0 
1.2 
1 
IRF9511 
3.5 
1.8 
37 
IRFF9123 
4. 
1.6 
37 
IRFFQ121 
5. 
1.8 
37 
IRF9523 
5. 
.4 
50 
IRFFQl33 
6. 
.6 
37 
IRF9521 
6. 
1.3 
IRFF9131 
1. 
.4 
5 
IRF9133 
IRF9533 
12. 
1.3 
IRF9131 
IRF9531 
15. 
.3 
9 
IRF9143 
IRF9543 
16. 
1.3 
IRFP9143 
19. 
.2 
9 
IRF9141 
IRF9541 
IRFP9141 
2~. 
.1~ 
1 
IRF9151 
IRFP9151 
30.0 
. 75 
NR 
RFP30P06 
RFG30P06 
nno 
.n30 
NR 
RFr.nnpnnE 
80V 
1. 
3.65 
NR 
RFL1P08 
2.1 
I.~ 
NR 
RFP2P 
6.1 
0.6 
NR 
RFM6P 
RFP6P 
R.I 
.4 
NR 
RFM8P 
RFPRP 
12. 
.3 
NR 
RFM12P 
RFP12P 
21;. 
.1~ 
NR 
RFK25P 
RFH2~PllR 
100V 
0.7 
12 
190 
IRFD9110 
1 
0.11 
370 
IRFDQ120 
1. 
3.65 
NR 
RFL1Pl0 
2. 
3.~ 
NR 
RFP2Pl0 
2. 
1.6 
1 
3. 
1.2 
1 
IRF9512 
3.5 
1.8 
37 
IRFF9122 
IRF9510 
4.0 
,.11 
37 
IRFF912l1 
5.0 
'.8 
37 
IRF9522 
~.~ 
.4 
5 
IRFF9132 
6.0 
'.6 
37 
IRF9520 


Package 
ffl 
@J , •,,, , 


~ 


Maximum Ratings 


B~~ 
IDSI~ 
EAS 
(AI 
(mil 
TO·205AF 
TO·204 
TO·251 
TO·252 
TO·22OAB 
TO·247 
TO·218 
MO-o93 
4PIN DIP 


P·Channel 


100V 
.R 
NR 
RFM6Pl0 
RFP6Pl0 
(cent) 
.3 
500 
IRFF9130 


.4 
NR 
RFM8Pl0 
RFP8Pl0 
1. 
.4 
500 
IRF9132 
IRF9532 
12. 
.3 
500 
IRF9130 
IRF9530 
12. 
.3 
NR 
RFM12Pl0 
RFP12Pl0 
15. 
.3 
9flO 
IRF9142 
IRF9542 
16. 
.3 
960 
IRFP9142 
19. 
.2 
960 
IRF914n 
IRF9541l 
IRFP9140 
25. 
.15 
1300 
IRF9150 
IRFP9150 
25. 
15 
NR 
RFK25Pln 
RFH25Pln 
120V 
5. 
1.n 
NR 
RFM5P12 
RFP5P12 
10. 
0.5 
NR 
RFM10P12 
RFP10P12 
150V 
0.45 
2.4 
2 
IRFD9223 
2.0 
2.4 
2 
IRFF9223 
2.5 
1.5 
2 
IRFF9221 
3.0 
2.4 
2 
IRF9623 
3.5 
1.5 
2 
IRF9621 
3.5 
1.2 
5 
IRFF9233 
4.0 
0.8 
5 
IRFF9231 
5.n 
1. 
NR 
RFM5P15 
RFP5P15 
5.5 
1.2 
500 
IRF9233 
IRF9633 
R.i 
1.8 
500 
IRF9231 
IRF9631 
9. 
.7 
790 
IRF9243 
IRF9643 
10. 
.5 
NR 
RFMlnp15 
RFP10P15 
10. 
.7 
790 
IRFP9243 
11. 
.5 
790 
IRF9241 
IRFQIlAl 
12. 
1.5 
790 
IRFP9241 
200V 
0.6 
1.5 
290 
IRFD9220 
2. 
2.4 
2 
IRFF9222 
2. 
1.5 
2 
IRFF9220 
3. 
2.4 
2 
IRF9622 
3. 
1.5 
2 
IRF9fl20 
3. 
1.2 
5 
IRFF9232 
4. 
0.8 
IRFF9~ 
5. 
1.2 
5 
IRF9232 
IR~ 
8. 
1.8 
IRF923n 
RF 
9. 
.7 
7 
IRF9242 
IRF9642 
1 . 
.7 
7 
IRFP9242 


11. 
1.5 
7 
IRF9240 
IRF9640 
12. 
1.5 
IRFPQ?40 


1'5: 
°0 
~(J) 
:J 
" 
il m-I 
-otn 
o 
::J..• 
5· 
c: 
CDa.- 


MOSFETs 
JEDEC N-Channel 


Package 
iff 
@ 


Maximum Ratings 


BVOSS 
IDS 
ROS(ON) 
IVI 
tAl 
em 
T0205AF 
TO-204 
60 
12.0 
0.25 
2N6755 
31.0 
0.08 
2N6763 


100 
3.5 
0.6 
2N6782' 
6.0 
0.3 
2N6788' 
8.0 
0.18 
2N6796' 
14.0 
0.18 
2N6756' 
38.0 
0.055 
2N6764' 


150 
8.0 
0.6 
2N6757 
25.0 
0.12 
2N6765 


200 
2.25 
1.5 
2N6784' 
3.5 
0.8 
2N6790' 
5.5 
0.4 
2N6798' 
9.0 
0.4 
2N6756' 
30.0 
0.085 
2N6766' 


350 
4.5 
1.5 
2N6759 
12.0 
0.4 
2N6767 


400 
1.25 
3.6 
2N6786' 
2.0 
1.8 
2N6792' 
3.0 
1.0 
2N6800' 
5.5 
1.0 
2N6760' 
14.0 
0.3 
2N6768' 


450 
4.0 
2.0 
2N6761 
11.0 
0.5 
2N6769 


500 
1.5 
3.0 
2N6794' 
3.5 
1.5 
2N6802' 
4.5 
1.5 
2N6762' 
12.0 
0.4 
2N6770' 


2N6804 
2N6897 
2N6898 


Combines the characteristics of a power MOSFET, a 
bipolar transistor. 


Features: 


Requires small gate power. Similar to 
standard powerl.10SFET 


Turns off when gate drive is removed 


Nonlinear. 
Temperature 
independent. 
Unlike the 
typical 2X variation of a power 
MOSFET 


Fastl Comparable 
to a standard 
power MOSFET 


Comparable 
to a bipolar transistor. 


• Tum Off 


• On-State 
Voltage Drop 


Cost Comparison - 1K Price Less 
Than Half the MOSFET Pricel 


~ 
0.1 
~ 
II: 


Junction Diagram Showing 
Biasing Arrangements 


Performance; IIV Characteristic-N-Ghannel 
MOSFET vs. IGT 
(Same Size Dies) 


Package 


~ 
J1'~ 1/,, •, 
/l7P 


Maximum 
Ratings 


BVeE• 
Ie", 
IeN 
\ 
M 
(A) 
(A) 
l/IS) 
TQ-204AA 
TO·22OAB 
TO·247 
TO-218AC 
TO·251 
T0-252 
MO-o93 


400 
5 
10 
1.0 
2N6975 
0.5 
2NfH17 


6 
7.5 
1.0 
HGTD6N40E1 
HGTD6N40E1S 
10 
12 
1.2 
HGTD10N40Fl 
HGTD1 ON40F1S 
10 
17.5 
1.0 
HGTP10N4OE1 


0.5 
HGTP10N4OC1 


12 
17.5 
1.0 
HGTM12N4OE1 
HGTH12N40E1 


0.5 
HGTM12N4OCI 
HGTH12N40Cl 
15 
35 
1.0 
HGTP15N40E1 


0.5 
HGTP15N4OC1 
20 
35 
1.0 
~1 
HGTH20N40E1 
0.5 
HGTM2(IIl4()C1 
HGTH20N40C1 
500 
5 
10 
1.0 
2N6976 
0.5 
2N6978 
6 
7.5 
1.0 
HGTD6N50El 
HGTD6N50E1S 
10 
12 
1.2 
HGTD10N50F1 
HGTD1 ON50F1S 
10 
17.5 
1.0 
HGTP10N50E1 
0.5 
HGTP10N50C1 
12 
17.5 
1.0 
HGTMl2N5OE1 
HGTH12N50E1 


0.5 
HGTMl2N5OC1 
HGTH12N50C1 
, 


15 
35 
1.0 
HGTP15N50E1 
0.5 
HGTP15N50C1 
20 
35 
1.0 
HGTh42(tl5OE1 
HGTH20N50E1 
0.5 
HGTM2ON5OC1 
HGTH20N50C1 
600 
12 
48 
0.6 
HGTM12NOOO1HGTP12N60D1 
24 
96 
0.6 
HGTM24N6001 
HGTG24N60D1 
32 
200 
0.8 
HGTM32N6(£2 
HGTG32N60E2 
1000 
20 
100 
0.68 
HGTM2ONl00:>a 
HGTG2ON100D2 
HGTA32N60E2 
34 
200 
0.87 
HGTM34N100E21 
HGTG34Nl00E2 
1200 
20 
100 
I 
HGTG20N120D2 
30 
200 
0.75 
HGTG3ON120E2 


IGBTs wi Integral Reverse Diode 


~ , , 


Maximum 
Ratings 


BVe•• 
"'00 "'" 
\ 
M 
(A) 
(A) 
(jLS) 
To-220AB 
TO-218AC 
TO-247 


400 
6 
7.5 
1.0 
HGTP6N40E1D 


10 
12 
1.2 
HGTP10N40F1D 


10 
17.5 
1.0 
HGTP10N40E1D 


0.5 
HGTP10N4OC10 


12 
17.5 
1.0 
HGTH12N40E1D 


0.5 
HGTH12N4OC1D 
20 
35 
1.0 
HGTH20N40E1D 


0.5 
HGTH20N4OC1D 
500 
6 
7.5 
1.0 
HGTP6N50E1D 


10 
12 
1.2 
HGTP10N50F1D 


10 
17.5 
1.0 
HGTP10N50E1D 
. 


0.5 
HGTP10N5OC1D 


12 
17.5 
1.0 
HGTH12N50E1D 


0.5 
HGTH12N5OC10 


20 
35 
1.0 
HGTH20N50E1D 


0.5 
HGTH20N5OC1D 
HGTG20N5OC1D 
600 
12 
48 
0.6 
HGTG12N60D1D 
24 
96 
0.6 
HGTG24N60D1D 


NOTES: 
1. 1090 -maximum 
continuous 
current 
rating at Tc - 90· C 
2. 10M- maximum pulsed current rating 
3. It measured at Tc - 150· C 


IGBTs wi Current Sensing 


600 
12 
40 
1.0 
24 
80 
1.6 


NOTES: 
1. 1090 -maximum 
continuous 
current rating at Tc - 90· C 
2. !eM - maximum pulsed current rating 
3. It measured at Tc - 150· C 


DATA SHEETS 
2N6755, 2N6756 
2N6757, 2N6758 
2N6759, 2N6760 
2N6761,2N6762 
2N6763, 2N6764 
2N6765, 2N6766 
2N6767,2N6768 
2N6769, 2N6770 
2N6782 
2N6784 
2N6786 
2N6788 
2N6790 
2N6792 
2N6794 
2N6796 
2N6798 
2N6800 
2N6802 
BUZ11 
BUZ20 
BUZ21 
BUZ32 
BUZ351 
BUZ41A 
BUZ42 
BUZ45 
BUZ45A 
BUZ45B 
BUZ60 
BUZ60B 
BUZ71 
BUZ71A 
BUZ72A 
BUZ73A 
BUZ76 
BUZ76A 
IRF120, IRF121, IRF122, IRF123 
IRF130/131/1321133,IRF130R/ 
131R/132R/133R 
IRF140/141/1421143,IRF140R/ 
141R/142R/143R 
IRF150/151/1521153,IRF150R/ 
151R/152R/153R 
IRF220, IRF221, IRF222, IRF223 
IRF230/231/232/233, 
IRF230R/231 R/232R/233R 


N-Channel Enhancement-Mode 
Power Field-Effect Transistors 
. 


N-Channel Enhancement-Mode 
Power Field-Effect Transistors 
. 


N-Channel Enhancement-Mode 
Power Field·Effect Transistors 
. 


N-Channel Enhancement-Mode 
Power Field-Effect Transistors 
. 


N-Channel Enhancement-Mode 
Power MOS Field-Effect Transistors 
. 


N-Channel Enhancement-Mode 
Power Field-Effect Transistors .........•..... 


N-Channel Enhancement-Mode 
Power MOS Field-Effect Transistors 
. 


N-Channel Enhancement-Mode 
Power MOS Field-Effect Transistors 
. 


N-Channel Enhancement-Mode 
Power Field-Effect Transistor 
. 


N-Channel Enhancement-Mode 
Power MOS Field-Effect Transistor 
. 


N-Channel Enhancement-Mode 
Power MOS Field-Effect Transistor 
. 


N-ChanneJ Enhancement-Mode 
Power Field-Effect Transistor 
. 


N-Channel Enhancement-Mode 
Power MOS Field-Effect Transistor .....•..... 


N-Channel Enhancement-Mode 
Power MOS Field-Effect Transistor 
. 


N-Channel Enhancement-Mode 
Power MOS Field-Effect Transistor 
. 


N-Channel Enhancement-Mode 
Power Field-Effect Transistor 
. 


N-Channel Enhancement-Mode 
Power MOS Field-Effect Transistor .....•..... 


N-Channel Enhancement-Mode 
Power MOS Field-Effect Transistor 
. 


N-Channel Enhancement-Mode 
Power MOS Field-Effect Transistor 
. 
N-Channel Enhancement-Mode 
Power Field-Effect Transistor 
. 


N-Channel Enhancement-Mode 
Power Field-Effect Transistor 
. 
N-Channel Enhancement-Mode 
Power Field-Effect Transistor 
_..•.... 


N-Channel Enhancement-Mode 
Power Field-Effect Transistor 
. 


N-Channel Enhancement-Mode 
Power Field-Effect Transistor 
. 


N-Channel Enhancement-Mode 
Power Field-Effect Transistor. 
. 


N-Channel Enhancement-Mode 
Power Field-Effect Transistor. 
. 


N-Channel Enhancement-Mode 
Power Field-Effect Transistor. 
. 


N-Channel Enhancement-Mode 
Power Field-Effect Transistor 
. 


N-Channel Enhancement-Mode 
Power Field-Effect Transistor. 
. 


N-Channel Enhancement-Mode 
Power Field-Effect Transistor ...........•.... 
N-Channel Enhancement-Mode 
Power Field-Effect Transistor ........•.. 
_.... 


N-Channel Enhancement-Mode 
Power Field-Effect Transistor ...........•.... 


N-Channel Enhancement-Mode 
Power Field-Effect Transistor ........•..•.... 


N-Channel Enhancement-Mode 
Power Field-Effect Transistor 
. 
N-Channel Enhancement-Mode 
Power Field-Effect Transistor 
. 


N-Channel Enhancement-Mode 
Power Field-Effect Transistor .....•.......... 


N-Channel Enhancement-Mode 
Power Field-Effect Transistor 
. 


N-Channel Enhancement-Mode 
Power Field-Effect Transistors 
. 


N-Channel Power MOSFETs Avalanche Energy Rated" ..........•..•...... 


N-Channel Enhancement-Mode 
Power Field-Effect Transistors 
. 
N-Channel Power MOSFETs Avalanche Energy Rated" 
. 


PAGE 
4-5 
4-9 
4-13 
4-17 
4·21 
4-25 
4-29 
4-33 
4-37 
4·42 
4·47 
4-52 
4-57 
4-62 
4-67 
4-72 
4-77 
4-82 
4-87 
4-92 
4-96 
4-100 
4·105 
4-110 
4-114 
4-118 
4-123 
4-127 
4-131 
4-135 
4-139 
4-143 
4-148 
4·153 
4-157 
4-161 
4-165 
4-169 
4-174 


4·189 
4-194 


~ 
•...•w 
w u.. 
zU> 
zO 
<:::i: 
::t:c: 
"'w 
':;: 
zo 
Q.. 


DATA SHEETS 


IRF234, 
IRF235. 
IRF236, 
IRF237 
IRF240/241/2421243. 
IRF240Rl241 
Rl242R1243R 


IRF244, 
IRF245. 
IRF246, 
IRF247 
IRF250/251/2521253, 
IRF250Rl251 
Rl252R/253R 


IRF254, 
IRF255, 
IRF256. 
IRF257 


IRF320, 
IRF321, 
IRF322, 
IRF323 
IRF330/331/332/333, 
IRF330Rl331 
Rl332R/333R 
IRF340/341/3421343, 
IRF340Rl341 
Rl342R/343R 
IRF350/351/3521353, 
IRF350R/351 
Rl352R/353R 


IRF360, 
IRF362 


IRF420, 
IRF421, 
IRF422. 
IRF423 
IRF430/431/4321433, 
IRF430Rl431 
Rl432R/433R 
IRF440/441/442/443, 
IRF440Rl441 
Rl442R/443R 
IRF450/451/452/453, 
IRF450R/451 
Rl452R/453R 


IRF460. 
IRF462 
IRF510/511/512/513, 
IRF510R/511 
R/512R/513R 
IRF520/521/522/523, 
IRF520R/521 
Rl522R/523R 
IRF530/531/532/533, 
IRF530R/531 
Rl532R/533R 
IRF540/541/542/543, 
IRF540R/541 
Rl542R/543R 
IRF610/611/6121613, 
IRF610R/611 
Rl612R/613R 


IRF620/621 
1622/623, 
IRF620Rl621 
R/622R/623R 


IRF624, 
IRF625, 
IRF626, 
IRF627 
IRF630/631/632/633, 
IRF630Rl631 
R/632R/633R 


IRF634, 
IRF635, 
IRF636, 
IRF637 
IRF640/641/642/643, 
IRF640R/641 
R/642R/643R 


IRF644, 
IRF645, 
IRF646, 
IRF647 


IRF710171117121713, 
IRF710Rl711 
RI712RI713R 


IRF720172117221723, 
IRF720R1721 
Rl722R1723R 


IRF730173117321733, 
IRF730R1731 
R1732R1733R 


IRF740174117421743, 
IRF740R1741 
Rl742R1743R 


IRF820/821 
1822/823, 
IRF820R/821 
R/822R/823R 


IRF830/831 
1832/833, 
IRF830R/831 
R/832R/833R 
IRF840/841/842/843, 
IRF840R/841 
R/842R/843R 


IRFAC40R/42R 


IRFBC40R/42R 
IRFD110/111/1121113, 
IRFD110R/111R/112R1113R 
IRFD120/121/1221123, 
IRFD120R/121 
R/122R/123R 


N-Channel 
Power 
MOSFETs 
Avalanche 
Energy 
Rated 
. 


N-Channel 
Power 
MOSFETs 
Avalanche 
Energy 
Rated" 
. 


N-Channel 
Power 
MOSFETs 
Avalanche 
Energy 
Rated 
.. 
: 
. 


N-Channel 
Power 
MOSFETs 
Avalanche 
Energy 
Rated" 
. 


N-Channel 
Power 
MOSFETs 
Avalanche 
Energy 
Rated 
. 


N-Channel 
Enhancement-Mode 
Power 
Field-Effect 
Transistors 
. 


N-Channel 
Power 
MOSFETs 
Avalanche 
Energy 
Rated" 
. 


N-Channel 
Power 
MOSFETs 
Avalanche 
Energy 
Rated 
. 


N-Channel 
Enhancement-Mode 
Power 
Field-Effect 
Transistors 
. 


N-Channel 
Power 
MOSFETs 
Avalanche 
Energy 
Rated" 
. 


N-Channel 
Power 
MOSFETs 
Avalanche 
Energy 
Rated 
. 


N-Channel 
Power 
MOSFETs 
Avalanche 
Energy 
Rated" 
. 


N-Channel 
Enhancement-Mode 
Power 
Field-Effect 
Transistors 
. 


N-Channel 
Power 
MOSFETs 
Avalanche 
Energy 
Rated" 
. 


N-Channel 
Power 
MOSFETs 
Avalanche 
Energy 
Rated 
...................•. 


N-Channel 
Power 
MOSFETs 
Avalanche 
Energy 
Rated" 
. 


N-Channel 
Power 
MOSFETs 
Avalanche 
Energy 
Rated 
..........•.......... 


N-Channel 
Power 
MOSFETs 
Avalanche 
Energy 
Rated" 
. 


N-Channel 
Power 
MOSFETs 
Avalanche 
Energy 
Rated 
. 


N-Channel 
Power 
MOSFETs 
Avalanche 
Energy 
Rated 
........•........ 
_ 
. 


N-Channel 
Power 
MOSFETs 
Avalanche 
Energy 
Rated" 
. 


PAGE 
4-199 


4·204 


4-209 


4·214 


4-219 


4-224 


4-229 


4-244 


4-249 


4-254 


4·269 


4-274 


4-304 


4-309 


4-314 


4-319 


4-324 


4-329 


4-364 


4-370 


4-376 


DATA SHEETS 
IRFD1Z0.IRFD1Z1.IRFD1Z2. 
IRFD1Z3 
IRFD2101211/212/213. 
IRFD210Rl211 Rl212R1213R 
IRFD220/221/222/223. 
IRFD220Rl221 Rl222R1223R 
IRFD2Z0. IRFD2Z1. IRFD2Z2. 
IRFD2Z3 
IRFD310/311/312/313. 
IRFD310Rl311 Rl312R1313R 
IRFD320/321/322/323. 
IRFD320Rl321 Rl322R1323R 
IRFF110/111/112/113. 
IRFF110Rl111 Rll12R1113R 
IRFF120/121/122/123. 
IRFF120Rl121 Rl122R1123R 
IRFFl30/131/132/133. 
IRFFl30Rl131 Rl132R1133R 
IRFF210/211/212/213. 
IRFF210Rl211R1212R1213R 
IRFF220/221/222/223. 
IRFF220Rl221 Rl222R1223R 
IRFF230/231/232/233. 
IRFF230Rl231R1232R1233R 
IRFF310/311/312/313. 
IRFF310Rl311 Rl312R1313R 
IRFF320/321/322/323. 
IRFF320Rl321R1322R1323R 
IRFF330/331/332/333. 
IRFF330Rl331R1332R1333R 
IRFF420/421/422/423. 
IRFF420Rl421R1422R1423R 
IRFF430/431/432/433. 
IRFF430Rl431R1432R1433R 
IRFP140R. IRFP141R. IRFP142R. 
IRFP143R 
IRFP150/151/152/153, 
IRFP150Rl151 Rl152R1153R 
IRFP240R. IRFP241 R. 
IRFP242R. IRFP243R 
IRFP244, IRFP245. IRFP246. 
IRFP247 
IRFP250/251/252/253. 
IRFP250Rl251 Rl252R1253R 
IRFP254. IRFP255. 
IRFP256. IRFP257 
IRFP340R. IRFP341 R. 
IRFP342R, IRFP343R 
IRFP350/351 /352/353, 
IRFP350R/351 Rl352R/353R 
IRFP360. IRFP362 
IRFP440R. IRFP441 R, 
IRFP442R. IRFP443R 
IRFP450/451/452/453. 
IRFP450Rl451R1452R/453R 
IRFP460. IRFP462 
IRFPC40R. IRFPC42R 
IRFPG40. IRFPG42 
IRFR120, IRFR121. IRFU120. 
IRFU121 
IRFR220/221/222. 
IRFU220/221 /222 


N-Channel 
Power 
MOSFETs 
Avalanche 
Energy 
Rated 
. 


N-Channel 
Power 
MOSFETs 
Avalanche 
Energy 
Rated 
..........•.......... 


N-Channel 
Power 
MOSFETs 
Avalanche 
Energy 
Rated 
. 


N-Channel 
Power 
MOSFETs 
Avalanche 
Energy 
Rated 
. 


High Voltage 
N-Channel 
Enhancement-Mode 
Power 
Field-Effect 
Transistors 
. 


N-Channel 
Power 
MOSFETs 
Avalanche 
Energy 
Rated 
. 


PAGE 
4-386 


4-391 


4-396 


4-401 


4·406 


4-411 


4-416 


4-421 


4-426 


4-431 


4-436 


4-441 


4-446 
'"•... 
...• w 
w 
u.. 


4-451 
ze;> 
ZO 
c~ 
4-456 
:%:a: 
Uw 
'== 
4-461 
zo 
D.. 


4-466 


4-471 


4-476 


4-481 


4-486 


4-491 


4-496 


4-501 


4-506 


4-511 
4-516 


4-521 


4-526 
4-531 
4-537 
4-542 


4-547 


IRFR420/421/422, 
IRFU420/421/422 
RFL1N08, RFL1N10 
RFL1N12, RFL1N15 
RFL1N18, RFL1N20 
RFL2N05, RFL2N06 
RFP2N08,RFP2N10 
RFP2N12, RFP2N15 
RFP2N18, RFP2N20 
RFM3N45, RFM3N50, RFP3N45, 
RFP3N50 
RFP4N05, RFP4N06 
RFL4N12, RFL4N15 
RFM4N35, RFM4N40, RFP4N35, 
RFP4N40 
RFP4N100 
RFM6N45, RFM6N50, RFP6N45, 
RFP6N50 
RFM7N35, RFM7N40, RFP7N35, 
RFP7N40 
RFM8N18, RFM8N20, RFP8N18, 
RFP8N20 
RFM10N12, RFM10N15, 
RFP10N12, RFP10N15 
RFH10N45,RFH10N50 
RFM10N45,RFM10N50 
RFM12N08, RFM12N10, 
RFP12N08, RFP12N10 
RFM12N18, RFM12N20, 
RFP12N18,RFP12N20 
RFH12N35,RFH12N40 
RFM12N35, RFM12N40 
RFD14N05, RFD14N05SM, 
RFP14N05 
RFM15N05, RFM15N06, 
RFP15N05, RFP15N06 
RFM15N12, RFM15N15, 
RFP15N12,RFP15N15 
RFD16N05,RFD16N05SM 
RFM18N08, RFM18N10, 
RFP18N08, RFP18N10 
RFP22N10 
RFP25N05 
RFM25N06,RFP25N06 
RFH25N18,RFH25N20 
RFK25N18,RFK25N20 
RFH30N12,RFH30N15 
RFK30N12,RFK30N15 
RFH35N08,RFH35N10 
RFK35N08,RFK35N10 
RFG40N10,RFP40N10 
RFH45N05,RFH45N06 
RFK45N05,RFK45N06 
RFP50N05,RFG50N05 
RFG75N05E,RFH75N05E 
RFA100N05E 


N-Channel Enhancement-Mode 
Power Field-Effect Transistors 
. 


N-Channel Enhancement-Mode 
Power Field-Ellect Transistors 
. 


N-Channel Enhancement-Mode 
Power Field-Ellect Transistors 
. 


N-Channel Enhancement-Mode 
Power Field-Ellect Transistors 
. 


N-Channel Enhancement-Mode 
Power Field-Ellect Transistors 
. 
N-Channel Enhancement-Mode 
Power Field-Ellect Transistors 
. 


N-Channel Enhancement-Mode 
Power Field-Ellect Transistors .......•..•.... 
N-Channel Enhancement-Mode 
Power Field-Ellect Transistors 
. 


N-Channel Enhancement-Mode 
Power Field-Ellect Transistors .........•..... 


N-Channel Enhancement-Mode 
Power Field-Ellect Transistors 
. 


N-Channel Enhancement-Mode 
Power Field-Ellect Transistors 
. 


High Voltage N-Channel Enhancement-Mode 
Power Field-Ellect Transistor 
. 
N-Channel Enhancement-Mode 
Power Field-Ellect Transistors 
. 


N-Channel Enhancement-Mode 
Power Field-Ellect Transistors .........•..... 


N-Channel Enhancement-Mode 
Power Field-Ellect Transistors .........••.... 


N-Channel Enhancement-Mode 
Power Field-Ellect Transistors ......•..•..... 


N-Channel Enhancement-Mode 
Power Field-Ellect Transistors 
. 


N-Channel Enhancement-Mode 
Power Field-Ellect Transistors 
. 


N-Channel Enhancement-Mode 
Power Field-Ellect Transistors (MegaFETs) 
. 


N-Channel Enhancement-Mode 
Power Field-Ellect Transistors (MegaFETs) 
. 


N-Channel Enhancement-Mode 
Power Field-Ellect Transistors 
. 


N-Channel Enhancement-Mode 
Power Field-Ellect Transistor (MegaFET) 
. 


N-Channel Enhancement-Mode 
Power Field-Ellect Transistor (MegaFET) 
. 


N-Channel Enhancement-Mode 
Power Field-Ellect Transistors 
. 


N-Channel Enhancement-Mode 
Power Field-Ellect Transistors .......•....... 


N-Channel Enhancement-Mode 
Power Field-Ellect Transistors .......•....... 


N-Channel Enhancement-Mode 
Power Field-Ellect Transistors 
. 


N-Channel Enhancement-Mode 
Power Field-Ellect Transistors 
. 
N-Channel Enhancement-Mode 
Power Field-Ellect Transistors 
. 


N-Channel Enhancement-Mode 
Power Field-Ellect Transistors 
. 


N-Channel Enhancement-Mode 
Power Field-Ellect Transistors (MegaFETs) 
. 


N-Channel Enhancement-Mode 
Power Field-Ellect Transistors 
. 
N-Channel Enhancement-Mode 
Power Field-Ellect Transistors 
. 
N-Channel Enhancement-Mode 
Power Field-Ellect Transistors (MegaFETs) 
. 


N-Channel Enhancement-Mode 
Power Field-Ellect Transistors (MegaFETs) 
. 


N-Channel Enhancement-Mode 
Power Field-Ellect Transistor (MegaFET) 
. 


4·562 
4-566 
4-570 
4-574 
4-578 
4-582 
4-586 
4-590 


4-594 
4-598 
4-602 


4-606 
4-610 


4-626 
4-630 
4-634 


4-642 
4-646 
4-650 


4-665 
4-669 


4-673 
4-677 
4-682 
4-686 
4-690 
4-694 
4-698 
4-702 
4-706 
4-710 
4-715 
4-719 
4-723 
4-728 
4-733 


;II HARRIS 


Features 


• 12A 
and 
14A, 
60V 
- 100V 


• rDS(on) 
= 0.180 
and 
0.250 


• SOA 
is Power-Dissipation 
Limited 


• Nanosecond 
Switching 
Speeds 


• Linear 
Transfer 
Characteristics 


• High 
Input 
Impedance 


• Majority 
Carrier 
Device 


2N6755 
2N6756 
N-Channel Enhancement-Mode 
Power Field-Effect Transistors 


TO-204AA 
sonOM 
VIEW 


DRAIN 
SOU~LANGE)o 
GATE 


Description 


The 
2N6755 
and 
2N6756 
are 
n-channel 
enhancement-mode 
Terminal Diagram 
silicon-gate 
power 
field-effect 
transistors 
designed 
for applications 
such 
as switching 
regulators, 
switching 
converters, 
motor 
drivers, 
N-CHANNEL 
ENHANCEMENT 
MODE 


relay 
drivers, 
and 
drivers 
for 
high-power 
bipolar 
switching 
transistors 
requiring 
high 
speed 
and 
low gate-drive 
power. 
These 
D 
types 
can be operated 
directly 
from 
integrated 
circuits. 


These 
types 
are supplied 
in the JEDEC 
TO-204AA 
steel package. 


Absolute 
Maximum 
Ratings 
(TC = +250C) 
Unless 
Otherwise 
Specified 


2N6755 


Drain-Source Voltage 
VDS 
Drain-Gate Voltage (RGS = 20kO) 
VDGR 
Continuous Drain Current 
TC = +250C 
10 
TC=+1000C 
10 
Pulsed Drain Current. 
IDM 
Gate-Source Voltage 
...............................•........... 
VGS 
Maximum Power Dissipation 
TC = +250C (See Fig. 11) 
Po 
TC=+1000C(SeeFig.11) 
PD 
Unear Derating Factor (See Fig. 11) 
. 


Inductive Current, Clamped 
ILM 
(See Figures 1 and 2, L = 100IlH) 
Operating and Storage Junction Temperature Range 
TJ, TSTG 
Maximum Lead Temperature for Soldering 
TL 
(0.063" (1.6mm) from case for 10s) 


2N6756 
UNITS 


100' 
V 
100' 
V 


14' 
A 
9.0' 
A 
30 
A 
±20 
V 


75' 
W 
30' 
W 
0.6' 
W/oC 
30 
A 


-55 to +150' 
°c 
300' 
°c 


~ 
•.• 
w 
w •.•... 
zU> 
ZO 
cr:::E 
:J:a: 
"'w 
'~ 
Zoa. 


Parameter 
TV" 
Min. 
Typ. 
Max. 
Units 
Test Conditions 


BVOSS 
Or.in 
- Source Bre.kdown 
Vol1q 
2N67SS 
60 
- 
V 
VGS '" 0 


2N6756 
'00 
- 
- 
V 
10" 1.0mA 


VGShh) 
Gate nHeshold 
Voltage 
ALL 
2.0· 
- 
4.0· 
V 
VOS'" VGS, 10" 1 mA 


IGSSF 
G,le 
Body Leekage Forwlrd 
ALL 
100· 
nA 
VGS" 
20V 


IGSSR 
G,te 
Body Leakage Reverse 
ALL 
100· 
nA 
VGS'" -20V 


lOSS 
Zero Gete Voltage or.in 
Current 
- 
0.1 
1.0· 
mA 
VOS'" 
Max. Rating, VGS" 
0 
ALL 
0.2 
4.0· 
mA 
VOS" 
Max. Rating, VGS" 
0, TC" 
1250C 


VOStonl 
Static orain·Source 
On-State 
2N67SS 
- 
3.0" 
V 
VGS ~ 10V.IO 
"-12A 
Voltage 
0) 
2N6756 
- 
- 
2.52" 
V 
VGS" 
10V, '0" 
14A 


RoSlonl 
Stlt.ic orain·Source 
O~Stete 
2N67SS 
- 
0.20 
0.25· 
n 
VGS'" 
10V,I0 
'" SA 


Rnlstance 0 


2N6756 
0.14 
O.lS" 
n 
VGS - 10V. 10 ~ 9A 


ROSlon) 
Static Orlin·Source 
OnoState 
2N67SS 
- 
- 
0.45· 
n 
VGS"- 10V,10" 
SA, TC" 
12SoC 


Rnistlnce 0 
2N67S6 
0.33" 
n 
Vas 
10V.IO 
"-9A, TC "- 12Soc 
'.. 
Forward 
Transconductance 0 
ALL 
4.0· 
5.5 
12.0" 
S IU) 
Vas"- lSV, 
10 ~ 9A 


Ciu 
Input Capacitance 
ALL 
350· 
600 
800· 
pF 


Cou 
Output 
Cap,cit,nce 
ALL 
150· 
300 
500· 
pF 


VGS" 
O. VDS" 
2SV. f" 
1.0 MHz 


Cru 
Reverse Trln,fer 
Capacitance 
ALL 
50· 
100 
ISO· 
pF 


See Fig. 10 


td Ion) 
Turn·On Delay Time 
ALL 
30' 
oo 
vOo':: 
36V,ID" 
9A, Zo "- 1sn 


I, 
Rise Time 
ALL 
75· 
oo 
ISee Figs. 13 and 14) 


td loff) 
Turn-Dff Delev Time 
ALL 
40· 
n. 
(MOSFET switching 
times are essentiallv 


" 
Fill Time 
ALL 
45· 
n. 
independent 
of operating 
temperature.! 


RthJC 
Junction·to·Case 


RthCS 
Case·to·Sink 


RthJA 
Junction·to·Ambient 


IS 
Continuous 
Source Current 
2N67SS 
12' 
A 
Modified MOSFET symbol 


a~: 


IBodV Diode) 
2N6756 
'4' 
showing the integral 


ISM 
Pulsed Source Current 
2N67SS 
25 


reverse P·N junctIon 
reClltier. 


IBody Diode) 
2N6756 
30 
A 


VSO 
Oiode Forward 
Voltage G) 
2N67SS 
0.85- 
1.7' 
V 
TC 
E 25°C, IS ~ 12A. VGS "-0 


2N6756 
0.90' 
1.S· 
V 
TC ~ 25°C. IS - 14A. VGS 
0 


'n 
Reverse Re<:overy Time 
ALL 
300 
n. 
TJ "- 150°C. IF - ISM. dlF/dt 
'" 100 A/••s 


a•• 
Reverse Recovered 
Charge 
ALL 
4.0 
.C 
TJ " 150°C. 
IF" 
ISM. dlF/dt" 
100 A/••s 


VARY 
tp 
TO OBTAIN 


REQUIRED PEAK IL 
Ic-J 
OUT 
VGS"'trtPL 
I, 


Fig. 1 - Clamped Inductive Test Circuit 
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Fig. 4 - Typical Transfer Characteristics 
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Fig. 5- 
Typical Saturation 
Characteristics 
(2N6755) 
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Fig. 6- 
Typical Saturation 
Characteristics 
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Fig. 8 - Maximum Safe Operating Area 
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Fig. 10 - Typical Capacitance Vs. Drain-to-Source 
Voltage 
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Fig. 11 - Power VI. Temper.ture 
Der.ting Curve 
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Fig. 12 - Typical Body-Drain Diode Forw.rd 
Voltage 
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mHARRIS 


Features 


•. SA and 
9A, 150V - 200V 


•. rDS(on) 
= 0.40 and 0.60 


•. SOA 
is Power-Dissipation 
Limited 


•. Nanosecond 
Switching 
Speeds 


•. Linear 
Transfer 
Characteristics 


•. High 
Input 
Impedance 


•. Majority 
Carrier 
Device 


2N6757 
2N6758 
N-Channel Enhancement-Mode 
Power Field-Effect Transistors 


TO-204AA 
BonOMVlEW 


DRAIN 
SOU~LANGE)o 
GATE 


Description 


The 
2N6757 
and 
2N6758 
are 
n-channel 
enhancement-mode 
Terminal Diagram 
silicon-gate 
power 
field-effect 
transistors 
designed 
for applications 
such 
as switching 
regulators, 
switching 
converters, 
motor 
drivers, 
N-CHANNEL 
ENHANCEMENT 
MODE 


relay 
drivers, 
and 
drivers 
for 
high-power 
bipolar 
switching 
transistors 
requiring 
high 
speed 
and 
low 
gate-drive 
power. 
These 
D 
types 
can be operated 
directly 
from 
integrated 
circuits. 


These 
types 
are supplied 
in the JEDEC 
TO-204AA 
steel 
package. 


Absolute 
Maximum 
Ratings 
(TC = +250C) 
Unless 
Otherwise 
Specified 


2N6757 


Drain-Source Voltage. 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 
VDS 
Drain-Gate Voltage (RGS = 20kO) 
VDGR 
Continuous Drain Current 
TC = +250C 
ID 
TC=+1000C 
ID 
Pulsed Drain Current 
IDM 
Gate-Source Voltage 
VGS 
Maximum Power Dissipation 
TC = +250C (See Figure 11) . . . . . . .. 
. 
PD 
TC = + 1OOoC(See Figure 11) 
PD 
Unear Derating Factor (See Figure 11) 
. 


Inductive Current, Clamped 
ILM 
(See Figures 1 and 2, L = 100IlH) 
Operating and Storage Junction Temperature Range 
TJ, TSTG 
Maximum Lead Temperature for Soldering 
TL 
(0.063" (1.6mm) from case for 10s) 


~ 
...• 
w 
w u.. 
z<n 
ZO 
<:;: 
:J:a: 
"'w 
'3: 
Zo 
l:l.. 


2N6758 
UNITS 


200' 
V 
200' 
V 


9.0' 
A 
.. 


6.0' 
A 
15 
A 
±20 
V 


75' 
W 
30' 
W 
0.6' 
W/oC 
15 
A 


-55 to +150' 
°C 
300' 
°C 


Parameter 
TV" 
Min. 
Typ. 
Malt. 
Units 
Test Conditions 


BVoSS 
or.in 
- Source Bre.kdown 
Voltage 
2N67S7 
ISO 
- 
- 
V 
Vas" 
a 


2N6758 
200 
- 
- 
V 
10"'t.OmA 


VaSllhl 
Cdt. Thrfthold 
Volt •• 
ALL 
2.0· 
4.0· 
V 
VOS" 
VGS, 10" 
1 mA 


IGSSF 
G.t. 
- Body L•• kegt Forw.rd 
ALL 
- 
- 
100· 
nA 
VGS" 
20V 


IGSSR 
G.t. 
Body L•• k. 
Reverse 
ALL 
100· 
nA 
VGS" 
-20V 


'OSS 
Z.ro Glte VoItl'" 
or.in 
Current 
0.1 
1.0· 
mA 
VoS •• M••.. Rating, Vas" 
a 
ALL 
0.2 
4.0· 
mA 
Vos" 
M••.. Rating, Vas" 
0, Tc" 
125°C 


vOSloro' 
St.tic 
or.iro-Source oro-6t.te 
2N67S7 
- 
- 
4.8· 
V 
vas" 
10V. 10" 8A 
Voltage 
CD 
2N67S8 
- 
- 
3.6· 
V 
vGS'" 
10V, 10 '" 9A 


ROSlorol Static or.iro-Soorce 
OnoSt.t. 
2N67S7 
- 
0.' 
0.6· 
n 
Vas" 
10V.IO 
'" SA 
Resistlroce CD 


2N67S8 
- 
0.25 
0.4· 
n 
Vas'"- 
10V. 10" 
6A 


RoSlonl 
St.~ic or.in·Source 
On-St.t. 
2NG7S7 
- 
1.13· 
n 
Vas'" 
10V, 10 '" SA. TC '" 12SoC 


Res,st.nce 8 


2N6758 
0.75· 
n 
Vas" 
lOV. 10 "6A, 
TC' 
125°C 


0•• 
Forw.rd 
Tr.nsc:ol'lduct.nee 
CD 
ALL 
3.0· 
5.0 
9.0· 
S Illl 
VoS" 
lSV.lo" 
6A 


Ciu 
lnpyt CaplCit.nce 
ALL 
350· 
600 
800' 
pF 
. 


Co •• 
OutPYt Capacit.nc. 
ALL 
100' 
250 
450· 
pF 
Vas" 
0, Vos" 
2SV, f - 1.0 MHz 


C", 
Reverse Tr.nsf.r 
CaplCit.nce 
ALL 
'0' 
80 
150· 
pF 
see Fig. 10 


td lon' 
Turn-On DeilY Time 
ALL 
- 
- 
30· 
n. 
Voo 
::!':90V, 10 '" 6A, Zo '" lSn 


I, 
Rise Time 
ALL 
50· 
n. 
(See Figs. 13 and 141 


td (off) 
Turn.()ff 
o.l.y 
Tim. 
ALL 
- 
- 
SO· 
n. 
IMOSFET swilching times are ess.rotially 


If 
F.II Time 
ALL 
'0' 
n. 
independent 
of operaling t.mperature.! 


RthJC 
Junction-to-CHe 


RthCS 
CMe-to·Sink 


RthJA 
Junction-lo·Ambi.nt 


'S 
Continuous Sourc. Current 
2NG7S7 
8.0· 
A 
Modified MQSFET symbol G~: 


IBody Diode) 
2N6758 
9.0· 
showing the inl.gral 


'SM 
Pulsed Sourc. Current 
2N67S7 
12 
reverse P·N Junction r.ctifi.r. 


IBody oiodel 
2N67S8 
15 
A 


VSO 
oiod. 
Forw.rd 
Volt. 
(i) 
2NG757 
0.75· 
1.50· 
V 
TC" 
25°C, IS" 8A, Vas" 
0 


2N6758 
O.SO· 
1.60· 
V 
TC" 
25°C. IS "9A. 
VGS" 
0 


I" 
R•••••rse Reco .•.•ry Tim. 
ALL 
650 
n. 
TJ - 150°C. IF" 
ISM, dlF/dt 
- 100 A/~s 


a•• 
R••••erse RKoyered 
Charge 
ALL 
10 
.C 
TJ '" 150°C. IF '" ISM, dlF'dt 
•• 100 A/~s 


VARY 
tp 
TO OBTAIN 


REOUIREO 
PEAK 
IL 
vo,.R 
OUT 


'L 
Fig. 1 - Clamped Inductive Test Circuit 
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Fig. 2 - Clamped Inductive Waveforms 
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Fig.4 - Typical Transfer Characteristics 
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Fig. 5- Typical Saturation Characteristics 
(2N6757) 
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Fig. 6- Typical Saturation Characteristics 
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Fig. 8 - Maximum Safe Operating Area 
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Fig. 10 - Typical Capacitance Vs. Drain-to-Source Voltage 
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Fig. 11 - Power VI. Tempereture 
Dereting Curve 
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Fig. 12 - Typical Body-Drain Diode Forward Voltage 
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Fig. 14 - Switching Time Waveforms 


(lJHARRIS 


Features 


• 4.5A 
and 
5.5A, 
350V 
- 400V 


• rDS(on) 
= 1.0n 
and 
1.5n 


• SOA 
is Power-Dissipation 
Limited 


• Nanosecond 
Switching 
Speeds 


• Linear 
Transfer 
Characteristics 


• High 
Input 
Impedance 


• Majority 
Carrier 
Device 


2N6759 
2N6760 
N-Channel Enhancement-Mode 


Power Field-Effect Transistors 


TO-204AA 
BOTTOM VIEW 


DRAIN 
SOU~LANGE)o 
GATE 


Description 


The 
2N6759 
and 
2N6760 
are 
n-channel 
enhancement-mode 
Terminal Diagram 
silicon-gate 
power 
field-effect 
transistors 
designed 
for applications 
such 
as sWitching 
regulators, 
switching 
converters, 
motor 
drivers, 
N-CHANNEL 
ENHANCEMENT 
MODE 


relay 
drivers, 
and 
drivers 
for 
high-power 
bipolar 
switching 
transistors 
requiring 
high 
speed 
and 
low 
gate-drive 
power. 
These 
D 
types 
can be operated 
directly 
from 
integrated 
circuits. 


These 
types 
are supplied 
in the JEDEC 
TO-204M 
steel 
package. 


Absolute 
Maximum 
Ratings 
(TC = +250C), 
Unless 
Otherwise 
Specified 


2N6759 


Drain-Source Voltage 
VDS 
Drain-Gate Voltage (AGS = 20kfl) ..........•.•.................. 
VDGA 
Continuous Drain Current 
TC = +250C 
ID 
TC = +1 OOoC.. . . . .. .. .. . .. . .. .. . .. . .. .. . .. .. . .. .. . .. .. .. . .. 
ID 
Pulsed Drain Current 
IDM 
Gate-Source Vo~age 
VGS 
Maximum Power Dissipation 
TC = +250C (See Figure 11) 
PD 
TC = +1 OOoC(See Figure 11) ................•................... 
PD 
Unear Derating Factor (See Figure 11) 
. 


Inductive Current, Clamped 
ILM 
(See Figures 1 and 2, L = 100~H) 
Operating and Storage Junction Temperature Aange 
TJ, TSTG 
Maximum Lead Temperature for Soldering 
TL 
(0.063" (1.6mm) from case for 10s) 


2N6760 
UNITS 


400' 
V 
400' 
V 


5.5' 
A 
3.5' 
A 
8.0 
A 
±20 
V 


75' 
W 
30' 
W 
0.6' 
W/oC 
8.0 
A 


-55to 
+150' 
°C 
300' 
°C 


Plr.m.ter 
TVPO 
Mm. 
T•••p. 
Mill. 
Uniu 
Tnt CondItion, 


BVOSS 
Orlin - Source Breekdown Volt~ 
2N6759 
350 
- 
- 
V 
VGS"O 


2N6760 
400 
- 
- 
V 
10·1.0mA 


VGSlth) 
Glte Threshold "olt. 
ALL 
2.0· 
•. 0· 
V 
"OS" 
"GS.IO·1 
mA 


IGSSF 
Glte - Body L•• k. 
Forwlrd 
ALL 
100' 
nA 
"GS" 
20" 


IGSSR 
Gltl 
- Body Leek. 
Rriery 
ALL 
- 
- 
100' 
nA 
"GS" 
-20" 


'OSS 
Zero Gltl 
"oltlge 
Orlin Currlnt 
0.1 
1.0· 
mA 
"OS" 
Mu. R.ting. "GS" 
a 


ALL 
0.2 
".0· 
mA 
"OS" 
Mill. R.ting, VGS" 
O. TC" 12SoC 


"05101'1) Static Drain-Source On-State 
2N67S9 
- 
- 
7.0· 
V 
"GS" 
10V, 10" 4.SA 
"Oltlge 0 
l 
2N6760 
- 
- 
6.7· 
V 
"GS" 
10V. 10" S.5A 


ROSlon) 
Stltic Or.in,Saure. 
o".Stlte 
2N67S9 
- 
1.0 
1.5· 
n 
"GS" 
10". 
10• 
3A 


R"lu.nee 0 
2N6760 
- 
0.8 
1.0· 
n 
"GS" 
10V. '0" 
3.SA 


ROS(onl 
Stltic Orlln-Soure. 
On-St.te 
2N6759 
- 
- 
3.3· 
n 
"GS" 
10".10" 
3A. TC z 12SoC 


Rni,t.nce 0 
n 
"GS" 
10".10"' 
3.SA. TC" 
125°C 
2N6760 
2.2· 
'1. 
Forwerd TrlnlConductlnee 0 
ALL 
3.0· 
4.' 
9.0· 
5 (U) 
"OS" 
lSV. '0 a 3.5A 
C," 
Input ClpK'"nce 
ALL 
350' 
600 
800' 
pF 


CO" 
Output Clpecitlnce 
ALL 
50' 
"0 
300' 
pF 
"GS" 
O. "OS" 
25". 
f •• 1.0 MHz 


Cr" 
Revery Trend., 
Cepecitence 
ALL 
20' 
40 
80' 
pF 


see Fig. 10 


td lonl 
Turn-On Del••••Time 
ALL 
- 
- 
30' 
n. 
"DO 
=:!. 17S". to" 
3.5A. Zo z lsn 


" 


RiyTime 
ALL 
3" 
n. 
Is..- Figl. 13 .nd 1.' 


td I""ff} 
Turn·Oft 0.1 ••••Tim. 
ALL 
- 
55' 
n. 
IMOSFET ,witch,ng '1m" ere .".ntlall 
••• 


" 


Fall Time 
ALL 
- 
3.' 
n. 
,ndep.ndent 
ot aperl1inll temperltur • .! 


RthJC 
Junction·to-CIM 


RthCS 
Clse·lo·Sink 


RthJA 
Junction·to·Ambl.nt 


'. 


Continuou, 
Sourc. Curr.nt 
2N6759 
•. S· 
A 
Mod,fl.d MOSFET ,•••mbo' G~~: 


(Bod•••Olodel 
2N6760 
- 
- 
S.S· 
Ihowmg the ,nlegrel 


Pulsed Source Current 
2N67S9 
- 
- 
7.0 
reverse P-N junctIon rect,',.r. 


'SM 
A 
IBody Diode) 
2N6760 
- 
8.0 


VSO 
O,ode Forwerd "oltage 0 
2N67S9 
0.70· 
1.4· 
V 
TC ~ 2SOC, IS" 4.SA. VGS"' a 


2N6760 
0.75· 
1.S· 
V 
TC" 2SoC. IS" 5.SA. "GS" 
0 


'" 


Rri.rse 
Recov.r •••TIme 
ALL 
- 
550 
- 
n. 
TJ •• 1SOoC. IF" 
ISM. dIF/dt 
•• 100 AI"" 


°RR 
R•••••rle Recovered Chlrge 
ALL 
8.0 
.C 
TJ • 1S00t. 
IF • 'SM. dlF/dl 
•• 100 AI"" 


VARY 
tp 
TO OBTAIN 


REQUIRED 
PEAK 
Il 
vGs.R 
OUT 


'e 


Fig. 1 - Clamped Inductive Test Circuit 
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Fig.3 - Typical Output Characteristics 
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Fig. 4 - Typical Transfer Characteristics 
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Fig. 6- 
Typical Saturation 
Characteristics 
(2N6760) 
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Fig.8 - Maximum Safe Operating Area 
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Fig. 12 - Typical Body-Drain Diode Forward Voltage 
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Fig. 14 - Switching Time Waveforms 


m HARRIS 
2N6761 
2N6762 


N-Channel Enhancement-Mode 


Power Field-Effect Transistors 


Features 


• 4.0A 
and 
4.5A, 
450V 
- 500V 


• rDSlon) 
= 1.50 
and 
2.00 


• SOA 
is Power-Dissipation 
Limited 


• Nanosecond 
Switching 
Speeds 


• Linear 
Transfer 
Characteristics 


• High 
Input 
Impedance 


• Majority 
Carrier 
Device 


Description 


The 
2N6761 
and 
2N6762 
are 
n-channel 
enhancement-mode 
silicon-gate 
power 
field-effect 
transistors 
designed 
for applications 
such 
as 
switching 
regulators, 
switching 
converters, 
motor 
drivers, 
relay 
drivers, 
and 
drivers 
for 
high-power 
bipolar 
switching 
transistors 
requiring 
high 
speed 
and 
low 
gate-drive 
power. 
These 
types 
can 
be operated 
directly 
from 
integrated 
circuits. 


These 
types 
are supplied 
in the JEDEC 
TO-204AA 
steel 
package. 


TO-204AA 
BonOMVlEW 


DRAIN 
SOU~LANGE)o 
GATE 


Terminal Diagram 


N-CHANNEL 
ENHANCEMENT 
MODE 


Absolute 
Maximum 
Ratings 
ITC = +250C) 
Unless 
Otherwise 
Specified 


2N6761 


Drain-Source 
Voltage 
VOS 
Drain-Gate 
Voltage (RGS = 20kO) 
VOGR 
Continuous 
Drain Current 
TC = +2SoC 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 
10 
TC = +1000C 
10 
Pulsed Drain Current. 
10M 
Gate-Source 
Voitage 
VGS 
Maximum Power Dissipation 
TC = +2SoC (See Figure 11) 
Po 
TC = +1000C(See 
Figure 11) 
Po 
Unear Derating Factor (See Figure 11) 
. 


Inductive Current, Clamped 
ILM 
(See Figures 1 and 2, L = 100IlH) 
Operating 
and Storage Junction Temperature 
Range 
TJ, TSTG 
Maximum Lead Temperature 
for Soldering 
TL 
(0.063" 
(1.6mm) from case for 10s) 


2N6762 
UNITS 


SOO' 
V 
SOO' 
V 


S.S' 
A 
3.0' 
A 
7.0 
A 
±20 
V 


7S' 
W 
30' 
W 
0.6' 
W/oC 
7.0 
A 


-SSto+1S0' 
°C 
300' 
°C 


'" 
I- 
•..•w 
w "- 
zen 
ZO 
<:E 
:r:a: 
"'w 
':;: 
Zo 
a.. 


P,ram.t.r 
TV" 
Min. 
Typ. 
..... 
Unitl 
Telt Conditionl 


B\lOSS 
Or,if! 
Souree Bre.kdown 
Volt. 
2N6761 
450 
V 
\lGS - 0 


2N6762 
500 
- 
- 
V 
10" 4.0mA 


VGSlthl 
G.t. 
ThrMhold Voltlglt 
ALL 
2.0· 
- 
4.0· 
V 
VOS" 
VGS, 10 "1 mA 


IGSSF 
G.t. 
Body Le.k. 
Forwll'd 
ALL 
100· 
nA 
VGS - 201,1 


IGSSA 
G.t. 
- Body Le.klglt A•.•••r•• 
ALL 
100· 
nA 
VGS" 
-20\1 


lOSS 
Zero G.t. 
Volt.gt 
Dr.in Current 
- 
0.1 
1.0- 
mA 
\lOS - 0.8 XMu. 
Rating, VGS" 
0 
ALL 
0.2 
4.0· 
mA 
VOS" 
M••.. Rating, VGS - 0, TC" 25°C to 125°C 


VOSlonl 
5t'tic 
Dr'In-Source 
On-5t,t. 
2N6761 
- 
- 
8.0· 
V 
VGS" 
101,1,ID ••4A 
Volt. 
0 
2N6762 
- 
- 
7.7- 
V 
VGS" 
101,1,10" 
4.504 


RDSlonl 
St,t_ie Dr'In·Source 
On-St,t. 
2N6761 
- 
1.5 
2.0· 
n 
VGS" 
10\1. '0" 
2.504 
A"llt,nce 
0 
2N6762 
1.3 
1.5- 
n 
VGS" 
10\1. '0" 
3.004 


RoSlonl 
St'tie 
Or'In-Source 
On-St,t. 
2N6761 
4.4- 
n 
VGS - 10\1, 10" 2.504, TC" 
125°C 
A"ilt'~ 
0 
2N6762 
- 
3.3- 
n 
VGS" 
101,1,1[1" 3.004, TC" 
1250C 
." 
Forw.rd 
Tr,nlConduet'~ 
0 
ALL 
2.5· 
3.5 
7.5- 
S IUI 
VOS - 161,1,ID ••304 


Cin 
Input CliplCita~ 
ALL 
350· 
600 
800° 
.F 


C••• 
OutpYt c.pecit'~ 
ALL 
25· 
100 
200· 
.F 
VGS• 
O. VOS" 
25\1,f 
·1.0MHz 


C'" 
A•.•••r•• Tr,nlter 
Clipecit,nce 
ALL 
15· 
30 
60° 
.F 
s.. 
Fig. 10 


td lonl 
Turn·On Del,y Time 
ALL 
- 
- 
30° 
M 
VOO='!225V.IO-304,Zo''15n 


" 
Ri•• Time 
ALL 
- 
30° 
M 
IS. 
Figt. 13 'nd 
141 


td loffl 
Turn-Qrt o.l.y 
Time 
ALL 
- 
- 
55° 
M 
IMOSFET Iwitching times Ir ••••• 
nti ••ly 
t, 
F.1l Time 
ALL 
- 
- 
30° 
n. 
",dependent 
ot operlting 
t.mper.tur 
• .I 


RthJC 
Junction·to·c... 


RthCS 
CnI·to-$ink 


RthJo4 
Junction-to·Ambi.nt 


'5 
ContinUOul Soure. 
Current 
2N6761 
4.0· 
A 
Modified MOSF ET symbol 


~ 


IBody OiodeJ 
2N6762 
- 
- 
4.5· 
thowing the integtlt 


'sM 
2N6761 
6.0 
r_ 
•• P·N lunction rKutier. 


Pulsed Source Current 
A 
IBody oiodel 
2N6762 
- 
- 
7.0 


VsO 
Oiode Forw.rd 
Volt. 
0 
2N6761 
0.65· 
1.3· 
V 
TC" 
25°C. IS .• 404. VGS" 
0 


2N6762 
0.7· 
1.4· 
V 
TC" 
25°C. IS ••4.5A, VGS" 
0 
'" 
ReYer•• RecOYlrv Time 
ALL 
500 
- 
n. 
TJ •• 150°C, IF" 
ISM. dIF/dt 
•• 100 o4/~1 


aRR 
Aewr •• Reccwered Chit. 
ALL 
- 
7.0 
- 
.C 
TJ •• 150°C, IF" 
ISM. dlF/dt 
- 100 041"'1 


VARYtp TO OBTAIN 
REOUIREDPEAKIl 
vGsoR 
O~T 
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Fig. 1 - Clamped Inductive Test Circuit 
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Fig. 3 - Typical Output Characteristics 
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Fig. 5- Typical Saturation Characteristics 
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Fig.9- Normalized Typical On·Resistance Vs. Temperature 
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Fig.8 - Maximum Safe Operating Area 
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Fig. 12 - Typical Body-Drain Diode Forward Voltage 
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2N6763 
2N6764 
N-Channel Enhancement-Mode 
Power MOS Field-Effect Transistors 


mlHARRIS 


Features 


• 31A and 3SA, SOV- 100V 


• rDS(on) = O.OSOand 0.0550 


• SOA is Power-Dissipation 
Limited 


• Nanosecond Switching Speeds 


• Linear Transfer Characteristics 


• High Input Impedance 


• Majority Carrier Device 


TO-204AE 
sonOM 
VIEW 


DRAIN 
SOU~LANGE)o 
GATE 


Description 


The 2N6763 
and 
2N6764 
are n-channel 
enhancement-mode 
Terminal Diagram 
silicon-gate 
power 
MOS field-effect 
transistors 
designed for 
applications such as switching regulators, switching converters, 
N-CHANNELENHANCEMENTMODE 
motor drivers, relay drivers, and drivers for high-power bipolar 
switching transistors requiring high speed and low gate-drive power. 
D 
These types can be operated directly from integrated circuits. 


These types are supplied in the JEDEC TO-204AE steel package. 


Absolute Maximum Ratings (TC = +250C) Unless Otherwise Specified 


2N6763 


Drain-Source 
Voltage. 
. . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 
VOS 
Drain-Gate 
Voltage (RGS = 20kO) 
VOGR 
Continuous 
Drain Current 
TC = +250C 
.........................•......................... 
10 
TC = +1000C 
•...•••..••••••...••..••.....•••..••.••..•..•••••• 
10 
Pulsed Drain Current .•..••••......•••.....•..•••••.......•.••.... 
IOM 
Gate-Source 
Voltage 
VGS 
Maximum Power Dissipation 
TC = +250C 
(See Figure 11) .....•.........•••••...•.•..•.•••.... 
Po 
TC = + 1OOoC (See Figure 11) ...•................................ 
Po 
Unear Derating 
Factor (see Figure 11) ....•........................... 


Inductive Current, Clamped 
ILM 
(See Figures 1 and 2, L = 1OO~H) 
Operating 
and Storage Junction Temperature 
Range 
TJ' TSTG 
Maximum Lead Temperature 
for Soldering 
..............••.•........• 
TL 
(0.063" 
(1.6mm) from case for 10s) 


2N6764 
UNITS 


100' 
V 
100' 
V 


38 
A 
24 
A 
70 
A 
±20' 
V 


150' 
W 
60' 
W 


1.2 
wtoc 


70 
A 


-55 to +150' 
oC 
300' 
oC 


31 
20 
60 
±20' 


150' 
60' 
1.2 
60 


if! 
•.••w 
w u. 
zU> 
zO 
cc:i: 
:Z:a: 
"'w 
':;= 
zo 


"- 


Parlmeter 
Typo 
Min. 
Typ. 
Max. 
Units 
T•• t Condition. 


BVoSS 
Orlin 
- Source 
Br'lkdown 
Volt. 
2N6763 
60 
- 
- 
V 
VGS' 
0 


2N6764 
100 
- 
- 
V 
10·1.0mA 


VGSlthl 
Glte 
Thrllhold 
Volt. 
ALL 
2.0· 
- 
4.0· 
V 
VoS'VGS,lo-lmA 


IGSSF 
Glte 
- 
Body 
Lelk. 
Forwlrd 
ALL 
- 
- 
100· 
nA 
VGS' 
20V 


IGSSA 
Glte 
- 
Body 
Lllkagl 
Rever. 
ALL 
- 
- 
100· 
nA 
VGS' 
-20V 


lOSS 
Zero Glte 
Voltlge 
Orlin Current 
- 
0.1 
1.0· 
mA 
VoS • MIX. Aating, VGS - 0 
ALL 
- 
0.2 
4.0· 
mA 
VoS - MIX. Aating, VGS • 0, TC • 125°C 


VOS(on) 
Static 
Drain-Source 
On-Statl 
2N6763 
- 
- 
2.48· 
V 
VGS' 
10V 10' 
31A 
Voltage 0 
2N6764 
2.09· 
V 
VGS' 
10V, 10 = 3SA 


AoSlonl 
St.tic 
Drain-Source 
On·Stlte 
2N6763 
- 
0.06 
O.OS· 
n 
VGS' 
10V, 10' 
20A 
R•• istlnce 
CD 


2N6764 
- 
0.045 
0.055· 
n 
VGS' 
10V, 10 - 24A 


AoSlon) 
Stltic 
Drain-Source 
On·State 
2N6763 
- 
- 
0.136· 
n 
VGS' 
10V, 10 • 20A, T C' 
125°C 


R•• ist.nc:e 
CD 


2N6764 
0.094· 
n 
VGS - 10V, 10 = 24A, TC - 125°C 


" 


g" 
Forward 
Transconductance 
CD 
ALL 
9.0· 
12.5 
27" 
S IUI 
VoS - 15V, 10 = 24A 


Cill 
Input Capacitance 
ALL 
1000· 
2000 
3000· 
pF 


COlI 
Output 
Cepacitance 
ALL 
500· 
1000 
1500· 
pF 
VGS' 
0, VoS' 
25V, f· 
1.0 MHz 


C,n 
R.vlrll 
Transfer 
Capacitance 
ALL 
'50· 
350 
pF 
sea Fig. 10 
500· 


td lonl 
Turn-On 
Delay Time 
ALL 
- 
- 
35· 
n. 
Voo'" 
24V,10' 
24A, Zo' 
4.7n 


t, 
Rill 
Time 
ALL 
- 
- 
100· 
n. 
lsea Figs. 13 and 141 


td loff) 
Turn-Qff 
D.lay 
Time 
ALL 
- 
- 
125· 
ns 
(MOSF ET switching 
timn 
are IIMntially 


tf 
Fall Time 
ALL 
100· 
n. 
independent 
of operating 
temperature.) 


AthJC 
Junction-to·Ca 
•• 
ALL 
- 
0.S3· 
·C/W 
I 


A'hCS 
CaM-to·Sink 
ALL 
- 
0.1 
- 
·C/W 
Mounting 
surface flit, 
smooth, 
and grilled. 
I 
A.hJA 
Junction-to·Ambient 
ALL 
- 
- 
30 
·C/W 
Free Air Operation 
I 


IS 
Continuous 
Source Current 
2N6763 
31· 
A 
Modified 
MOSFET 
symbol 


G~~ 


IBody oiodal 
2N6764 
3S· 
showing 
the integral 


ISM 
Pulled 
Source Current 
2N6763 
60 
reverse P·N junction 
r.ctifi.r. 


A 
(Body 
Diode) 
2N6764 
70 


VSo 
Diod. 
Forward 
Voltage (0 
2N6763 
0.90· 
1.S· 
V 
TC - 250C,IS 
- 31A, VGS-O 


2N6764 
0.95· 
1.9· 
V 
TC - 25°C, 
IS = 3SA, VGS - 0 


t" 
Reverse 
Recovery 
Tim. 
ALL 
- 
500 
- 
n. 
TJ • 150°C, 
IF = ISM, dIF/d.· 
100 A/~. 


°AA 
Rev"se 
Recovered 
Charge 
ALL 
10 
~C 
TJ • 150°C, 
IF' 
ISM, dlF/dt 
= 100 A/~. 


VARY 'p TO OBTAIN 
REQUIRED 
PEAK Il 
IC"'J 
OUT 
vGs=r.r-'PL 
Il 
r 
tp-1 
Il.............. 
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",/' 
\ 
E, 
'------- 


OV 
9V 
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VOS: 
I!iV 


2 
3 
4 
5 
, 


VGS. GATE·TO-SOURCE 
VOLTAGE 
(VOL TSI 


Fig. 4 - Typical transfer characteristics. 
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Features 


• 25A 
and 
30A, 
150V 
- 200V 


• rDSlon) 
= 0.0850 
and 
0.120 


• SOA 
is Power-Dissipation 
Limited 


• Nanosecond 
SWitching 
Speeds 


• Linear 
Transfer 
Characteristics 


• High 
Input 
Impedance 


• Majority 
Carrier 
Device 


2N6765 
2N6766 
N-Channel Enhancement-Mode 
Power Field-Effect Transistors 


TO-204AE 
BOTTOM VIEW 


DRAIN 
SOU~LANGE)o 
GATE 


Description 


The 
2N6765 
and 
2N6766 
are 
n-channel 
enhancement-mode 
Terminal Diagram 
silicon-gate 
power 
field-effect 
transistors 
designed 
for applications 
such 
as switching 
regulators, 
switching 
converters, 
motor 
drivers, 
N-CHANNEL 
ENHANCEMENT 
MODE 


relay 
drivers, 
and 
drivers 
for 
high-power 
bipolar 
switching 
transistors 
requiring 
high 
speed 
and 
low 
gate-drive 
power. 
These 
D 
types 
can be operated 
directly 
from 
integrated 
circuits. 


These 
types 
are supplied 
in the JEDEC 
TO-204AE 
steel 
package. 


Absolute 
MaxImum 
Ratings 
(Tc = +250C) 
Unless 
Otherwise 
Specified 


2N6765 


Drain-Source Voltage. 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 
VOS 
Drain-Gate Voltage (RGS = 20kl1) 
VOGR 
Continuous Drain Current 
TC = +250C 
10 
TC = +1000C 
10 
Pulsed Drain Current. 
10M 
Gate-Source Voltage 
VGS 
Maximum Power Dissipation 
TC = +250C (See Figure 11) 
Po 
TC = +1000C (See Figure 11) 
Po 
Unear Derating Factor (see Figure 11) 
. 
Inductive Current, Clam:>ed 
ILM 
(See Figures 1 and 2, L = 1OO~H) 
Operating and Storage Junction Temperature Range 
TJ' TSTG 
Maximum Lead Temperature for Soldering 
TL 
(0.063" (1.6mm) from case for 10s) 


150· 
60· 
1.2· 
50 


2N6766 
UNITS 


200· 
V 
200· 
V 


30· 
A 
19· 
A 
60 
A 
±20 
V 


150· 
W 
60· 
W 
1.2· 
W/oC 
60 
A 


-55 to +150· 
°c 
300· 
°c 


~ 
••.•w 
w u.. 
ZCI> 
zO 
<:IE 
::Ca: 
"'w'~ 
Zo 
0.. 


Parameter 
Typo 
Min. 
Typ. 
Max. 
Units 
Test 
Conditions 


BVOSS 
Orain 
- 
Source 
BreakdOW'n 
Voltage 
2N6765 
lSO 
- 
- 
V 
VGS' 
0 


2N6766 
200 
- 
- 
V 
lOa 
1.0mA 
- 


VGSlthl 
Gate 
Threshold 
Voltage 
ALL 
2.0' 
- 
4.0' 
V 
VOS'VGS,IO" 
mA 


IGSSF 
Gate 
- 
Body 
Leakage 
Forward 
ALL 
- 
- 
100' 
nA 
VGS' 
20V 


IGSSR 
Gate 
- 
Body 
Le.kage 
Rever. 
ALL 
- 
- 
100' 
nA 
VGS' 
-20V 


lOSS 
Z.ro 
G.t. 
VoIt.ge 
Dr.in 
Current 
0.1 
1.0' 
mA 
VOS 
a Max. 
Rating, 
VGS 
a 0 
ALL 
0.2 
4.0' 
mA 
VOS• 
Max. 
Rating, 
VGS:: 
0, T C '" 1250C 


VOSCon) 
St.tic 
Drain-Source 
On-State 
2N6765 
- 
- 
3.0' 
V 
VGS• 
10V, 10, 
25A 
Voltage (i) 


2N6766 
- 
- 
2.7' 
V 
VGS· 
10V, 10, 
30A 


ROSlon) 
Static 
Drain-Source 
On-St.te 
2N6765 
- 
0.09 
0.12' 
n 
VGS· 
10V, '0' 
16A 
Resistance 
(0 
2N6766 
- 
0.07 
0.OB5" 
n 
VGS' 
10V, '0 • 19A 


ROSton) 
St.tic 
Drain-Source 
On-State 
2N6765 
- 
- 
0.216' 
n 
VGS - 10V, '0 - 16A, TC - 125°C 


Resistance 
(0 
2N6766 
- 
- 
0.153' 
n 
VGS' 
10V, '0' 
19A, TC - 125°C 


"Is 
Forward 
Transconductance 
(0 
ALL 
9.0' 
15.5 
27' 
SIU) 
VOS' 
15V, '0' 
19A 


Ciu 
Input 
Cepacit.nce 
ALL 
1000' 
2000 
3000' 
pF 


Co•• 
Output 
Capacit.nce 
ALL 
450' 
BOO 
1200' 
pF 
VGS' 
0, VOS' 
25V, f· 
1.0 MHz 


C,•• 
Reverse 
Trensfer 
Capecitance 
ALL 
lSO' 
pF 
See Fig. 
10 
300 
500' 


td (on) 
Turn-On 
Delay 
Tim. 
ALL 
- 
- 
35' 
ns 
VOO '" 95V, '0· 
19A, 2o' 
4.7n 


t, 
Ri.Time 
ALL 
- 
- 
100' 
ns 
(See 
Figs. 
13 and 
141 


td (off) 
Turn-off 
Delay 
Time 
ALL 
- 
- 
125" 
ns 
(MOSF 
ET switching 
times 
are essenti.lIy 


t, 
Fall 
Time 
ALL 
- 
- 
100' 
ns 
independent 
of operating 
temperature.) 


RthJC 
Junction-to-Case 


RthCS 
Cue-to-Sink 


RthJA 
Junction-to-Ambiant 


Mounting 
surface 
f1.t. 
smooth, 
and gr•• sed. 


TypK:al 
socket 
mount 


IS 
Continuous 
Source 
Current 
2N6765 
25" 
A 
Modified 
MOSFET 
symbol 


~ 


(Body 
Diode) 
2N6766 
30" 
showing 
the 
integral 


ISM 
Pulsed 
Source 
Current 
2N6765 
50 
reverse 
P-N junction 
rectifier, 


A 
(Body 
Oiode) 
2N6766 
- 
- 
60 
VSO 
Diode 
Forward 
Voltege 
CD 
2N6765 
0.85' 
- 
1.7· 
V 
TC· 
25°C, '5' 25A, VGS - 0 


2N6766 
0.9" 
- 
LB' 
V 
TC - 25°C, IS' 
30A, VGS' 
0 


trr 
Reverse 
Recovery 
Time 
ALL 
- 
500 
- 
ns 
TJ - 
150oC, 
IF - 
ISM. 
dlF/dt 
.• 100 
A/,.s 


°RR 
Reverse 
Recovered 
Charge 
ALL 
10 
.C 
TJ:: 
150oC,IF 
-ISM.dIF/dt 
""lOCA/,.s 


VARY tp TO OBTAIN 


REQUIRED PEAK IL 
VGs.R 
OUT 


'L 
Fig. 1 - Clamped 
Inductive Test Circuit 
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Typical Saturation 
Characteristics 
(2N6765) 
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Typical Saturation 
Characteristics 
(2N6766) 
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2N6767 
2N6768 
N-Channel Enhancement-Mode 
Power MOS Field-Effect Transistors 


Features 


• 12A 
and 
14A, 
350V 
- 400V 


• rDS(on) 
= 0.40 
and 
0.30 


• SOA 
is Power-Dissipation 
Limited 


• Nanosecond 
Switching 
Speeds 


• Linear 
Transfer 
Characteristics 


• High 
Input 
Impedance 


• Majority 
Carrier 
Device 


TO-204AA 
BOTTOM 
VIEW 


DRAIN 
SOU~LANGE)o 
GATE 


Description 


The 
2N6767 
and 
2N6768 
are 
n-channel 
enhancement-mode 
Terminal Diagram 
silicon-gate 
power 
MOS 
field-effect 
transistors 
designed 
for 
applications 
such 
as 
switching 
regulators, 
switching 
converters, 
N-CHANNEL 
ENHANCEMENT 
MODE 


motor 
drivers, 
relay 
drivers, 
and 
drivers 
for 
high-power 
bipolar 
switching 
transistors 
requiring 
high speed 
and low gate-drive 
power. 
0 
These 
types 
can 
be operated 
directly 
from 
integrated 
circuits. 


These 
types 
are supplied 
in the JEDEC 
TO-204M 
steel 
package. 


Absolute 
Maximum 
Ratings 
(TC = +250C) 
Unless 
Otherwise 
Specified 


2N6767 


Drain-Source 
Voltage. 
. .. . . . . . . .. . . . . . . . . . . . . . .. . . . . . . . . . . . .. 
VOS 
Drain-Gate 
Voltage (RGS = 20kO) 
VOGR 
Continuous 
Drain Current 
TC = +250C 
10 
TC = +1000C 
10 
Pulsed Drain Current. 
IOM 
Gate-SourceVo"age 
VGS 
Maximum Power Dissipation 
TC = +250C (See Figure 11) 
Po 
AboveTC = +250C, Derate Linearly 
. 
Inductive Current, Clamped 
ILM 
(See Figures 1 and 2, L = 1OO~H) 
Operating 
and Storage Junction Temperature 
Range 
TJ, TSTG 
Maximum Lead Temperature 
for Soldering 
TL 
(0.063" 
(1.6mm) from case for 10s) 


12- 
7.75" 
20 
±20- 


150- 
1.2- 
20 


2N6768 
UNITS 


400" 
V 
400- 
V 


14- 
A 
9- 
A 
25 
A 
±20- 
V 


150- 
W 
1.2" 
W/oC 
25 
A 


-55to 
+150" 
°C 
300- 
oC 


.. 
I- 
...... 
... ... 
zen 
ZO 
c~ 
:Ca:: 
u ••• 
'~ 
Zo 
A. 


'Iramlter 
TyP41 
Min. 
Typ. 
M.x. 
Unit. 
T"t 
Condition. 
BVOSS 
Oroin - Sour •• Bro.kdown 
Volt. 
2N6767 
350 
- 
- 
V 
VGS - 0 
2N6768 
400 
- 
- 
V 
10-1.0mA 


VGShhl 
G.t. 
Thrlihold 
VoIt.ge 
AL.L. 
2.0" 
- 
4.0" 
V 
VOS - VGS, 10 - 1 mA 


IGSSF 
G.t. 
- Body l.I.k. 
Forwlrd 
AL.L. 
- 
- 
100" 
nA 
VGS - 20V 


IGSSR 
G.tI 
- Body l.I.k.ge 
Row ••• 
AL.L. 
- 
- 
100" 
nA 
VGS - -20V 


lOSS 
ZIrO G.t. 
VoIt.ge Oroin Curr.nt 
- 
0.1 
1.0" 
mA 
VOS - Mox. R.ting, VGS - 0 
AL.L. 
- 
0.2 
4.0" 
mA 
VOS - M.x. R.ting, VGS - 0, TC - 125°C 


VOS(on) 
Static Drain·Source On~tatl 
2N6767 
- 
- 
5.4" 
V 
VGS -10V, 
10 - 12A 
Volt. 
CD 
2N6768 
- 
- 
5.6" 
V 
VGS - 10V,I0 
- 14A 


ROS(on) 
St.tie Oroin-Sour •• On-St.t. 
2N6767 
- 
0.3 
0.4" 
0 
VGS = 10V,I0 
= 7.7SA 
Rlli't.nce 0 
2N6768 
- 
0.25 
0.3" 
0 
VGS = 10V, 10= 9.0A 


ROS(on) 
Static Dr.in·Source On·St.t. 
2N6767 
- 
- 
0.88" 
0 
VGS - 10V, 10 - 7.7SA, TC - 125°C 
Rlli'tance 
CD 
2N6768 
- 
- 
0.66" 
0 
VGS = 10V, \0 = 9.0A, TC - 125°C 


gf. 
Forward Transconductance 0 
AL.L. 
8.0" 
11.0 
24" 
S (U) 
VOS = ISV,IO 
= 9.0A 


Ci•• 
Input Copocit._ 
AL.L. 
1000" 
2000 
3000" 
pF 


Co•• 
OutPut Cop.eit.n •• 
AL.L. 
200" 
400 
600" 
pF 
VGS - 0, VOS - 2SV, f· 
1.0 MHz 


Crn 
Rev.r. 
Transfer Capacitance 
AL.L. 
SO" 
100 
200" 
pF 
511 Fig. 10 


td (on) 
Turn-On Delay Time 
AL.L. 
- 
- 
35" 
n. 
VOO ~ 180V, 10' 
9.0A, Zo - 4.70 
tr 
Rill Time 
AL.L. 
- 
- 
65" 
n. 
(511 Filii. 13 .nd 141 


td (off) 
Turn-Off DlI.y Tim. 
AL.L. 
- 
- 
ISO" 
n. 
(MOSFET switching tim•• ar••••• nti.lly 


tf 
F.II Tim. 
AL.L. 
- 
- 
75" 
n. 
independent of oper'ting temper,ture.) 


RthJC 
Junction-to-Case 
AL.L. 
0.83" 
·CIW 


RthCS 
Coll-to-Sink 
AL.L. 
- 
0.1 
- 
·CIW 
Mounting surface flit, smooth, ,nd greased. 


RthJA 
Junction-ta-Ambient 
AL.L. 
- 
- 
30 
·CIW 
Free Air Opetltion 


·S 
Continuous Source Current 
2N6767 
- 
- 
12" 
A 
Modified MOSFET symbol 


~O 
(Body Diode) 
2N6768 
14" 
showing the integral 


ISM 
Pulsed Source Current 
2N6767 
- 
- 
20 
reverse P-N junction rectifier. 
A 
G 
S 
(Body Diode) 
2N6768 
- 
- 
25 
VSO 
Oiod. Forw.rd 
Volt. 
0 
2N6767 
0.8" 
- 
1.6" 
V 
TC = 25°C, IS - 12A, VGS • 0 


2N6768 
0.85" 
- 
1.7" 
V 
TC = 25°C_IS = 14A, Vas 
= 0 


trr 
Reverse Recovery Time 
AL.L. 
- 
1000 
- 
n. 
TJ = lSOoC, IF' 
ISM, dlF/dt· 
100 AI". 


°RR 
Reverse Recovered Charge 
AL.L. 
- 
25 
- 
lAC 
TJ = lSOoC.IF· 
ISM. dlF/dt· 
100 AI". 


VARY 
tp TO OBTAIN 


REQUIRED 
PEAK 
IL 
Tc""] 
OUT 
VGs=~tPL 


IL 


6.0Y 
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Fig. 7 - Typical transconductance 
versus drain current for 


both types. 
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Fig. 8 - Maximum safe operating area for both types. 
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Fig. 9 - Typical normalized 
on-resistance 
versus temp- 
erature for both types. 


Fig. 10 - Typical capacitance versus drain-to-source 
voltage for both types. 
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Fig. 11 - Power versus temperature derating curve 
for both types. 


Fig. 12 - Typical body-drain diode forward voltage 


for both types. 


mHARRIS 
2N6769 
2N6770 
N-Channel Enhancement-Mode 


Power MOS Field-Effect Transistors 


Features 


• 11A 
and 
12A, 4S0V - SOOV 


• rDS(on) 
= 0.50 
and 0.40 


• SOA 
is Power-Dissipation 
Limited 


• Nanosecond 
Switching 
Speeds 


• Linear 
Transfer 
Characteristics 


• High 
Input 
Impedance 


• Majority 
Carrier 
Device 


TO-204AA 
BOTTOM VIEW 


DRAIN 
SOU~LANGE)o 
GATE 


Description 


The 
2N6769 
and 
2N6770 
are 
n-channel 
enhancement-mode 
Terminal Diagram 
silicon-gate 
power 
MaS 
field-effect 
transistors 
designed 
for 
applications 
such 
as 
switching 
regulators, 
switching 
converters, 
N-CHANNEL 
ENHANCEMENT 
MODE 


motor 
drivers, 
relay 
drivers, 
and 
drivers 
for 
high-power 
bipolar 
switching 
transistors 
requiring 
high speed 
and low gate-drive 
power. 
0 
These 
types 
can 
be operated 
directly 
from 
integrated 
circuits. 


These 
types 
are supplied 
in the JEDEC 
Ta-204AA 
steel 
package. 


Absolute 
Maximum 
Ratings 
(TC "" +250C), 
Unless 
Otherwise 
Specified 


2N6769 


Drain-Source Voltage. 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. VDS 
Drain-Gate Voltage (RGS = 20kO) 
VOGR 
Continuous Drain Current 
TC = +250C 
10 
TC = +1000C 
10 
Pulsed Drain Current 
10M 
Gate-Source Voltage 
VGS 
Maximum Power Dissipation 
TC = +250C (See Figure 11) 
PD 
Above TC = +250C, Derate Linearly (See Figure 11) 
. 


Inductive Current, Clamped 
ILM 
(See Figures 1 and 2, L = 1001lH) 
Operating and Storage Junction Temperature Range 
TJ, TSTG 
Maximum Lead Temperature for Soldering 
TL 
(0.063" (1.6mm) from case for 1Os) 


11 
7 
20 
±20' 


150' 
1.2' 
20 


2N6770 
UNITS 


500' 
V 
500' 
V 


12 
A 
7.75 
A 
25 
A 
±20' 
V 


150' 
W 
1.2' 
W/oC 
25 
A 


-55to 
+150' 
°C 
300' 
°C 


~ 
....... 
••.•u. 
ZCIO 
zO 
c:E 
:%:a: 
y ••.• 
'3: 
Zo 
Q. 


Parameter 
Type 
Min. 
Typ. 
Max;. 
Units 
Test Conditions 


BVOSS 
Drain - 
Source Breakdoyw-nVoltage 
2N6769 
450 
- 
- 
V 
VGS - 0 


2N6770 
500 
- 
- 
V 
'0: 
4.0 mA 


VGShh) 
Gate Threshold 
Voltage 
ALL 
2.0' 
- 
4.0' 
V 
VOS'VGS,IO-l 
mA 


IGSSF 
Gate - 
Body Leakage Forward 
ALL 
- 
- 
100' 
nA 
VGS' 
20V 


IGSSR 
Gate - 
Body Leakage Reverse 
ALL 
- 
- 
100' 
nA 
VGS - -20V 


lOSS 
Zero Gate Voltage 
Drain Current 
- 
0.1 
1.0' 
mA 
VOS - O.B X Max. Raling, 
VGS - 0 
ALL 
- 
0.2 
4.0' 
mA 
VOS - Max. Raling. 
VGS • 0, T C - 25°C 
10 125°C 


VOS(on) 
Static Drain-Source 
On·State 
2N6769 
- 
- 
6.0' 
" 
VGS -10V, 
10 -11A 
Voltage CD 


2N6770 
- 
- 
6.0' 
V 
VGS -10V, 
10 -12A 


ROSlon) 
Static Drain-Source 
On·State 
2N6769 
- 
0.4 
0.5' 
n 
VGS - 10V. 10 = 7A 
Resistance 0.) 


2N6770 
- 
0.3 
0.4' 
n 
VGS - 10V, 
'0 
- 
7.75A 


ROS(on) 
Static Drain-Source 
On-State 
2N6769 
- 
- 
1.1' 
n 
VGS: 
10V. 
'D· 
7.0A, 
T C = 125'C 
Resistance CD 
2N6770 
- 
- 
O,BB' 
n 
VGS: 
10V, 
'0 
- 7.75A, 
T C = 125'C 


gfs 
Forward 
Transconductance 0 
ALL 
B.O· 
12.0 
24' 
S (U) 
VGS= 
10V 
10 = 7.75A 


Ciss 
Input 
Capacitance 
ALL 
1000' 
2000 
3000' 
pF 


Coss 
Output 
Capacitance 
ALL 
200' 
400 
600' 
pF 
VGS = 0, VOS' 
25V, f = 1.0 MHz 


Crss 
Reverse Transfer Capacitance 
ALL 
50' 
100 
200' 
pF 
See Fig. 10 


Id Ion) 
Turn-On 
Delay Time 
ALL 
- 
- 
35' 
n\ 
VOO "" 210V, 
10 - 7.75A, 
Zo - 4.7n 


Ir 
Rise Time 
ALL 
- 
- 
50' 
n. 
lSee Fig•. 13 and 
14) 


Id loff} 
Turn-Off 
Delay Time 
ALL 
- 
- 
150' 
n. 
IMOSFET 
switching times are essentially 


If 
Fall Time 
ALL 
70' 
n. 
independent 
of operating 
temperature.) 


RthJC 
Junction-to-Case 
ALL 
- 
- 
0.B3· 
'CIW 


RthCS 
Case-to-Sink 
ALL 
- 
0.1 
- 
'CIW 
Mounting 
surface flat, smooth, and greased. 


RthJA 
Junction-to-Ambient 
ALL 
- 
- 
30 
'CIW 
Free Air Operation 


'S 
Continuous 
Source Current 
2N6769 
- 
- 
11' 
A 
Modified 
MOSF ET symbol G~: 


IBody 
Diode) 
2N6770 
12' 
showing the integral 


ISM 
2N6769 
- 
20 
reverse P-N junction 
rectifier. 


Pulsed Source Current 
- 
A 
IBody Diode) 
2N6770 
- 
25 
VSO 
Diode Forward 
Voltage CD 
2N6769 
0.75· 
- 
1.5' 
V 
T C - 25°C, 
'S· 
11 A, VGS - 0 


2N6770 
O.BO· 
- 
1.6· 
V 
TC = 25°C, 
IS = 12A, VGS' 
0 


Irr 
Reverse Recovery Time 
ALL 
- 
1300 
- 
n. 
TJ = 150°C, 
IF: 
'SM,dIFldl-l00AI". 


°RR 
Reverse Recovered Charge 
ALL 
- 
7.4 
- 
"C 
TJ 
: 150°C, 
IF - ISM. dlFldl 
- 100 AI". 


VARY lp TO OBTAIN 


REQUIRED 
PEAK 
IL 
rc=J 
OUT 


VGS- r.r-'PL 


'L 
rlp-l 


IL"'>-..... 
\ 


••.••"" 
\ 
El 
\._----- 


10 
I 


'S 


...z.. '0 
.•.. 
:> 
uz~ 
0 
E 


.II 
TJ.·SOOt' rt 
TJ. Jsoc 
f--VOS"'SV 
II 
I 
I 
TJ.12S0C 
10 6t1 "'LSE 
TEST 


TJ"'12S0t, 


"- 
TJ"2SOC, 


I 
"- 
TJ".SOOt, 
,,-J 
I 


~ 


O:fv 
+- ,":'SE TlIT 
f-- - 


I 
I 


V~S' 
SIOV 
I 
I 
.1. 
or 


o.lav 


3.5'1 


IO)I'ULSJ 
TEST 


VGSi.s~~~ '/ 
I--- 


$'OV 


~ 1r, 


~ ,..- 
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~ 
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Fig. 8 - Maximum 
safe operating 
area for both 
types. 
Fig. 7 - Typical 
transconductance 
versus drain 
current 
for both 
types. 
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Fig. 9 - Typical normalized on-resistance versus temp- 
erature for both types. 
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Fig. 11 - Power versus temperature derating curve 
for both types. 
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Fig. 10 - Typical capacitance versus drain-to-source 
voltage for both types. 
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Fig. 12 - Typical body-drain diode forward voltage 


for both types. 
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mHARRIS 


Features 


• 3.5A, 100V 


• rDS(on) 
= 0.60 


• SOA 
is Power-Dissipation 
Limited 


• Nanosecond 
Switching 
Speeds 


• Linear 
Transfer 
Characteristics 


• High 
Input 
Impedance 


• Majority 
Carrier 
Device 


Description 


The 
2N6782 
is 
an 
n-channel 
enhancement-mode 
silicon-gate 


power 
field-effect 
transistor 
designed 
for 
applications 
such 
as 
switching 
regulators, 
switching 
converters, 
motor 
drivers, 
relay 
drivers, 
and 
drivers 
for 
high-power 
bipolar 
sWitching 
transistors 
requiring 
high 
speed 
and 
low 
gate-drive 
power. 
This 
type 
can 
be 
operated 
directly 
from 
integrated 
circuits. 


The 
2N6782 
is 
supplied 
in 
the 
JEDEC 
TO-205AF 
(Low 
Profile 


TO-39) 
metal 
package. 


2N6782 


N-Channel Enhancement-Mode 
Power Field-Effect Transistor 


TO-205AF 
BonOM 
VIEW 


SOUTIRCE 
0 
GATE 


o 
0 


DRAIN 
(CASE) 


Terminal Diagram 


N-CHANNEL 
ENHANCEMENT 
MODE 


Drain-Source 
Voltage (Note 1) 
VDS 
Drain-Gate 
Voltage (AGS = 20kO) (Note 1) 
VDGA 
Continuous 
Drain Current 
TC = +250C 
10 
TC = +100oC 
10 
Pulsed Drain Current (Note 2) 
10M 
Gate-Source 
Voltage 
VGS 
Continuous 
Source Current (Body Diode) 
IS 
Pulse Source Current (Body Diode)(Note 
2) 
ISM 
Maximum Power Dissipation 
TC = +250C (See Figure 14) 
Po 
Linear Derating Factor (See Figure 14) 
. 


Inductive Current, Clamped 
ILM 
(L= 100~H) 
Operating and Storage Junction Temperature 
Aange .....•...... 
TJ, TSTG 
Maximum Lead Temperature 
for Soldering 
TL 
(0.063" (1.6mm) from case for 1Os) 


.•JEDEC 
registered values 


NOTES: 


1. TJ = +250C 
to +1500C 


2. Repetitive Rating: Pulse width limited by max. junction temperature. 
See 
Transient 
Thermal 
Impedance 
Curve (Fig. 5). 


2N6782 


100* 
100* 


3.5* 
2.25* 
14* 
±20* 
3.50* 
14* 


15* 


0.12* 
14 


UNITS 


V 
V 


W 
WfDC 


A 


l!! 
...• 
w 
w"'- 
:zen 
:z0 
<:;; 
:>::a: 
Uw 
':;: 
:zo~ 


•.....•.. 
Min . 
Typ. 
Max. 
Unit. 
Test Condition, 


·BVos.C; 
Drllin· 
Scuce 
Breakdown 
Vobge 
100· 
V 
VGS 
:z av, 10 • 
0.25 mA 


VGSlthl 
Golo -...- 
_ 
2.0· 
•.0· 
V 
Vos "" VGS- 10 .., 0.5 mA 
Ir..«. 
Golo - Soun:o 
'"""- 
_d 
100· 
nA 
VGS 
- 
2OV. Vos 
OV 


IGSS 
Golo - Soun:o 
'"""- 
__ 
100· 
nA 
VGS 
- 
- 2OV. Vos 
ov 


'OSS 
z.o 
Gate 
\IoIUIge 
Dr." 
CWTent 
250· 
,.A 
Vos 
l00V. 
VGS 
•• ov 


1000· 
,.A 
Vas "" BOV. VGS 
:: OV. TC • 
125°C 
Vn<::.f•.••.•1 On-State 
Vohege 
(2) 
2.1· 
V 
VGS 
'" 
lOV, 
10 
• 
3.SA 
ROSton) 
StMlc 
DJain-Source 
On-StMe 
Rellistance 
W 
0.6 
0.6· 
0 
VGS 
'" lOV, 10 •• 2.25A. 
Te 
., 
26°C 


1.OS- 
0 
V(" .•..c; ., 
lOV, 10 - 
2.25A, 
Te 
_ 
125°C 


VSO 
Diodo_d_<ll 
0.76· 
1.5- 
V 
TC • 
26·C. 
'S 
• 
3.5A. Vels 
• 
OV 


Ofs 
Fc::lMwd Tr8nlCOnduct8nce 
~ 
1.0· 
1.5 
3.0· 
SIOJ 
Vos "" SV. 10 ., 
2.25A 
e;. 
Input 
Copociunco 
60" 
135 
200· 
pF 
VGS 
av, 
VOS 
- 
2SV, f - 
'.0 
MHz 
Co.. 
Oulput 
Copociunco 
40" 
••• 
100· 
0' 
See 
Rg. 
10 
c.. 
~ 
Tr,"*,- Copociunco 
10" 
20 
26· 
pF 
""on 
Tt.m-On 
Delay 
TNN 
15· 
n. 
Voa 
a: 34V. 10 - 
2.25A. 
Zo - 
500 
~ 
Ri.rtme 
26· 
n. 
See 
Fig. 15 
'dfnlft Tl.m-Ott 
Delay Time 
26· 
n. 
IMOSFET 
switchi~ 
time ••.• 
euentially 
independent 
., 
Fill Time 
20· 
n. 
of Clpflfating temperature.) 


SOA 
s.fe Op«Ming 
Ar•• 
15 
W 
VOS 
BOV, 10 "" 188 mA, See 
Fig. 16. 


15 
W 
Vas 
- 
4.28V. 
10 • 
3.5A.. See 
Fig. 16. 
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Junction-..e- 


A 
J~to-Ambient 
~===:"'.. 
::::::A;:::.':::"""':::::::::••••::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::= 
Source-Drain Diode Switching Characteristics 
(Typical) 


trr 
Rever. 
RecoveryTime 
200 
TJ ., 150°C, IF ., a.SA, 
dlF/dt ., 1OOAJ~. 


ORR 
Rever. 
RecoveredCh_ge 
1.0,..c 
TJ '" 150°C.IF .., 3.SA, dlp'dt - 
100A11£. 


ton 
~d 
Twn-on 
TIme 
Intrinlic 
twn-on 
time 
i. negligible. 
TlM1\-Oflspeed i•••.• 
bstInti.1y 
controlled 
by Ls + Lo. 


G) TJ 
• 
26°C 
to 15()OC. 
® PuI. 
Test: 
N8e 
'Nimh 
" 
3001£" 
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f-- 
1NI~II,ul~E rJsT 
~~ 


f- -f-TJ 
: ISOoC 


TJ 
z 2SoC 


I 
I 
..... 
...• 
w 
w "- 
zen 
ZO 
<:E 
:I: a: 
Yw 
':;: 
Zo 
0.. 


2.50 


2.25 
z« 


2.00 


~ 
US 
« 
~o 
1.50 
z~0" 
~~ 1.25 
u« 
~~ 1.00 
e- 
z 
0.75 
~ 
0.50 
~ 
0.25 


V 


..../ 
"/ 


i_ / 


.•.•..•... 


VGS 
z 10V 


'r' 
~A 


a 
-60 
-40 
-20 
0 
20 
40 
60 
80 
100 
120 
140 


TJ. JUNCTION 
TEMPERATURE 
(oCI 


Fig. 9 - Normalized On·Resistance Vs. Temperature 


S<lO 


400 


" 
!OO 
y 
~ 
u 
§ 
200 
y' 


'00 


I 
JGsJ 
I 
'1' MH. 


Cia 
• c.+ CIlI. e. SHOATED 
c•• • e.., 
- 
c•. 
Clk· e:p•~~ 
- 


"'Ccb+~ 
t-.. 
I 
\" 
.1 
C,a 
...•... 


""- 
COD 
\. 


cl.• 


10 
20 
30 
.0 


Vas. DRAIN·TO·SOURCE 
VOLTAGE jVOl15) 


Fig. 10 - 
Typical 
Capacitance 
Vs. Drain-ta-Source 
Voltage 


RoS(on) MEASURED WITH CURRENT PULSE OF 
2.0".$ DURATION. 
INITIAL 
TJ '" 250t. 
(HEATING 
EFFECT Of2r' 
PVlSEIS 
MINIMAll 
- 
- 


vis -IOV 


/ 
- 
- 
VGS·2DV- 
I 
I 


i 


5 
10 
15 


10. DRAIN CURRENT (AMPERES) 


Fig. 12 - 
Typical 
On-Resistance 
Vs. Drain 
Current 


20 


V~S' 2Jv,- 
vos' 5OV,- 


~ '/ 
v~S. 80'V,- 


/0 


I 
/ 
I 
10· 
SA 
I 


• 
6 
ag. TOTAL 
GATE 
CHARGE (nt) 


Fig. 11 - 
Typical 
Gate 
Charge 
Vs. Gate·to·Source 
Voltage 


...•..r--... 


........ .•.•...•. 


.....•. 


.•.••.. 
""1\, 


50 
75 
100 
125 


Te. CASE TEMPERATURE 
(OCI 


Fig. 13 - Maximum Drain Current Vs. Case Temperature 
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NOTES: 
I. 
lH006J 
CASE GROUNDED. 


2. GROUNDED 
CONNECTIONS 
COMMON TO GROUND 
PLANE 
ON BOARD. 


3. PULSE WIDTH "'3 ".s. PERIOo-I 
mi. AMPLITUDE-IOV 


VGSloHIOV 


INPUT 
PULSE 
RISE 
TIME 


NOTES: 
WHEN MEASURING 
RISE TIME, VGSlon) SHAll 
BE AS SPECIFIED 
ON THE INPUT 


WAVEFORM, 
WHEN MEASURING fAll 
TIME. VGSloff} SHAll 
BE SPECIFIED ON 


THE 
INPUT 
WAVEFORM, 
THE 
INPUT 
TRANSITION 
AND 
DRAIN 
VOLTAGE 
RE· 


SPONSE 
DETECTOR 
SHAll 
HAVE 
RISE AND 
FAll 
RESPONSE 
TIMES 
SUCH THAT 


DOUBLING 
THESE 
RESPONSES 
Will 
NOT 
AFFECT 
THE 
RESULTS 
GREATER 
THAN 
THE 
PRECISION 
OF 
MEASUREMENT. 
THE 
CURRENT 
SHAll 
BE SUFFI· 


CIENTlY 
SMAll 
SO THAT DOUBLING 
IT DOES NOT AFFECT TESTS RESULTS 
GREATER 
THAN THE PRECISION Of MEASUREMENT, 


NOTES: 
1 SET Vas TO THE VALUE SPECIFIED UNDER DETAILS USING A O.Is PULSE 


WIDTH WITH A MINIMUM 
OF 1 MINUTE BETWEEN PULSES. INCREASE VGS 


UNTIL THE SPECIFIED VALUE OF 10 AND VOS ARE OBTAINED. 
CASE 


TEMPERATURE. 
250C. 


2. SHECT 
RS SUCH THAT 10. RS· 2.5 !: 1.0 Vdc. 
~ 
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ce:E 
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m HARRIS 


Features 


• 2.25A, 200V 


• rDS(on) 
= 1.50. 


• SOA 
is Power-Dissipation 
Limited 


• Nanosecond 
Switching 
Speeds 


• Linear 
Transfer 
Characteristics 


• High 
Input 
Impedance 


• Majority 
Carrier 
Device 


Description 


The 
2N6784 
is 
an 
n-channel 
enhancement-mode 
silicon-gate 


power 
MOS 
field-effect 
transistor 
designed 
for applications 
such 
as 
switching 
regulators, 
switching 
converters, 
motor 
drivers, 
relay 
drivers, 
and 
drivers 
for 
high-power 
bipolar 
switching 
transistors 
requiring 
high 
speed 
and 
low 
gate-drive 
power. 
This 
type 
can 
be 
operated 
directly 
from 
integrated 
circuits. 


The 
2N6784 
is 
supplied 
in 
the 
JEDEC 
TO-205AF 
(Low 
Profile 
TO-39) 
metal 
package. 


2N6784 


N-Channel Enhancement-Mode 


Power MOS Field-Effect Transistor 


TO-205AF 
BOTTOM VIEW 


saUTIRCE. :ATE 


DRAIN 
(CASE) 


Terminal Diagram 


N-CHANNEL ENHANCEMENT MODE 


Drain-Source 
Voltage 
VDS 
Drain-Gate 
Voltage (RGS = 20kO) 
VDGR 
Continuous 
Drain Current 
TC = +250C 
ID 
TC = +1000C 
ID 
Pulsed Drain Current (Note 2) 
IDM 
Gate-Source 
Voltage 
VGS 
Continuous 
Source Current (Body Diode) 
IS 
Pulse Source Current (Body Diode) (Note 2) 
ISM 
Maximum Power Dissipation 
TC = +250C (See Figure 14) 
PD 
Above TC = +250C, Derate Linearly (See Figure 14) 
. 
Inductive Current, Clamped 
ILM 
(L= 
100!,H) 
Operating 
and Storage Junction Temperature 
Range 
TJ, TSTG 
Maximum Lead Temperature 
for Soldering 
TL 
(0.063" 
(1.6mm) from case for 10s) 


2N6784 


200' 
200' 


UNITS 


V 
V 


2.25' 
1.5' 
9' 
±20' 
2.25' 
9' 


15' 
0.12' 
9 


W 
W;oC 
A 


Parameter 
Min. 
Typ. 
Max. 
Units 
Test Conditions 


BVOSS 
Drain - Source 
Breakdown 
Voltage . 
200' 
- 
- 
V 
VGS 
- 
OV, 10 - 
0.25 mA 


VGSlthl 
Gate Threshold 
Voltage 
2.0' 
4.0' 
V 
VOS 
- 
VGS, 10 - 
0.5 mA 


'GSS 
Gate - Source 
Leakage 
Fo<w••.d 
- 
- 
100' 
nA 
VGS 
- 
2OV, VOS 
- 
OV 
I 


'GSS 
Gate - Source 
Leakage 
Rev",so 
100' 
nA 
VG5 
- 
2OV, VOS 
- 
OV 


lOSS 
Zero Gate VoHage 
Drain Current 
- 
- 
250' 
p.A 
VOS 
- 
2OOV, VGS 
- 
OV 
- 
- 
1000' 
p.A 
VOS 
- 
160V, VGS 
- 
OV, TC - 
125°C 


VOSlonl 
On-Stata 
Voltaga" 
3.37' 
V 
VGS 
- 
10V, 10 - 
2.25A 


ROSlon) 
Static 
Drain-Source 
On-State 
Resistance" 
- 
1.0 
1.5' 
II 
VGS 
- 
10V, 10 - 
l.5A, 
TA - 
25°C 


2.81' 
II 
VGS 
- 
10V, 10 - 
1.5A, TA : 
125°C 


VSO 
Diode Forward 
Voltage a 
0.7' 
- 
1.5' 
V 
TC - 
25'C, 
IS - 
2.25A, 
VGS 
- 
OV 


9fs 
Forward Transconductance 
a 
0.9' 
1.3 
2.7' 
SIIll 
VOS 
- 
5V, 10 - 
1.5A 


Ciss 
Input Capacitance 
60' 
135 
200' 
pF 
VGS 
- 
OV, VOS 
- 
25V, f : 
1.0 MHz 


Coss 
Output 
Capacitance 
20' 
60 
80' 
pF 
See 
Rg. 10 


Crss 
Reverse Transfer 
Capacitance 
5.0' 
16 
25' 
pF 


tdlonl 
Turn-On 
Delay Time 
- 
- 
15' 
ns 
VOO " 75V, 10 - 
1.5A, Zo 
- 
50ll 
t,. 
Rise Time 
20' 
ns 
See 
Rg. 15 


tdloffl 
Turn-Off 
Delay Time 
- 
- 
30' 
ns 
IMOSFET 
switching 
times are essentially 
independent 


tf 
Fall Time 
20' 
ns 
of operating 
temperature.) 


SOA 
Safe Operating 
Area 
15 
- 
- 
W 
VOS 
- 
160V, '0 
- 
94 mA, See 
Rg. 16. 


15 
W 
VOS 
- 
6.67V, 
10 - 
2.25A, 
See 
Fig. 16. 


Thermal 
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Fig. 5 - Maximum effective transient thermal impedance, 
junction-to-case 
versus pulse duration. 
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Fig. 10 - Typical capacitance versus drain-to-source 
voltage. 
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Fig. 9 - Typical normalized on-resistance versus 
temperature. 


Fig. 11 - Typical gate charge versus gate-to-source 
voltage. 
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NOTES, 
WHEN 
MEASURING 
RISE TIME. 
VGSlon) 
SHAll 
BE AS SPECIFIED 
ON THE 
INPUT 


WAVEFORM. 
WHEN MEASURING 
FALL 
TIME. 
VGS(off) 
SHALL 
BE SPECIFIED 
ON 


THE 
INPUT 
WAVEFORM. 
THE 
INPUT 
TRANSITION 
AND 
DRAIN 
VOLTAGE 
RE- 
SPONSE 
DETECTOR 
SHAll 
HAVE 
RISE AND 
FALL 
RESPONSE 
TIMES 
SUCH THAT 
DOUBLING 
THESE 
RESPONSES 
WIll 
NOT 
AFFECT 
THE 
RESULTS 
GREATER 
THAN 
THE 
PRECISION 
OF MEASUREMENT. 
THE 
CURRENT 
SHAll 
BE SUFFI· 


CIENTlY 
SMAll 
SO THAT 
DOUBLING 
IT 
ODES 
NOT 
AffECT 
TESTS 
RESULTS 


GREATER 
THAN 
TH~ 
PRECISION 
OF MEASUREMENT. 


NOTES: 
1. lH0063 
CASE GROUNDED. 


2. 
GROUNDED 
CONNECTIONS 
COMMON 
TO GROUND 
PLANE 
ON BOARD. 


3. PULSE WIDTH") 
~s, PER100-1 
ml, AMPlITUOE=-IOV. 


NOTES: 


1. SET Vas 
TO THE 
VALUE 
SPECIFIED 
UNDER 
DETAilS 
USING 
A 0.15 PULSE 


WIOTH 
WITH 
A MINIMUM 
OF 1 MINUTE 
BETWEEN 
PULSES. 
INCREASE 
VGS 


UNTIL 
THE 
SPECIFIED 
VALUE 
OF 10 ANa 
VDS ARE 
OBTAINED. 
CASE 


TEMPERATURE 
= 2SoC. 


2. SELECT 
RS SUCH 
THAT 
10. RS = 2.S:!: 
1.0 Vdc. 


III HARRIS 
2N6786 


N-Channel Enhancement-Mode 
Power MOS Field-Effect Transistor 


Features 


• 1.25A, 400V 


• rDS(on) = 3.60 


• SOA is Power-Dissipation 
Limited 


• Nanosecond Switching Speeds 


• Linear Transfer Characteristics 


TO-20SAF 


BOTTOM 
VIEW 


SaUn"CE. :ATE 


DRAIN 
(CASE) 
• High Input Impedance 


• Majority Carrier Device 


Description 


The 2N6786 is an n-channel enhancement-mode silicon-gate 
Terminal Diagram 
power MOS field-effect transistor designed for applications such as 
switching regulators, sWitching converters, motor drivers, relay 
N-CHANNEL 
ENHANCEMENT MODE 
drivers, and drivers for high-power bipolar switching transistors 
requiring high speed and low gate-drive power. This type can be 
D 
operated directly from integrated circuits. 


The 2N6786 is supplied in the JEDEC TO-205AF (Low Profile 
TO-39) metal package. 


Orain-Source 
Voltage. 
. . . . . . . . . . . . . . . . . . . . . . . . . • . • . . . . . • . • • • . . .. 
VOS 
Drain-Gate 
Voltage (RGS = 20kl1) ...............•..........•.... 
VOGR 
Continuous 
Orain Current 


TC = +2SoC 
.............................•..........•.•........ 
10 
TC = +100oC 
.•....•....•......•......................••••..... 
10 
Pulsed Drain Current .......•......•••............................ 
IOM 
Gate-Source 
Voltage 
...............•.....••.................... 
VGS 
Continuous 
Source Current 
....................•..................... 
IS 
Pulse Source Current 
.••....•....................•..•........•.... 
ISM 
Maximum Power Dissipation 
TC = +2SoC (See Figure 14) .........................•..•.•....... 
Po 
AboveTc 
= +2S0C, Oerate Linearly (See Figure 14) ..........•......... 
Inductive Current, Clamped 
............................•.......•.• 
ILM 
(L= 100~H) 
Operating 
and Storage Junction Temperature 
Range 
TJ, TSTG 
Maximum Lead Temperature 
for Soldering 
...........••.•............ 
TL 
(0.063" 
(1.6mm) from case for 10s) 


2N6786 


400' 
400' 


1.2S' 
0.8' 
S.S' 
±20' 
1.2S' 
S.S' 


15' 
0.12' 
5.5 


UNITS 


V 
V 


W 
WfOC 
A 


~ 
•...•w 
w "- 
:zen 
:z0 
<::IE 
:<:a: 
<'>w 
'== 
:zo 
Q. 


CHARACTERISTIC 
TEST CONDITIONS 
LIMITS 
UNITS 
Min. Typ. Max. 


Drain-Source 
Breakdown 
Voltage 
BVoss 
Vas = OV,lo 
- 0.25 mA 
400' 
- 
- 
V 
Gate Threshold 
Voltage 
Vas(th) 
Vas - Vos, 10 - 0.5 mA 
2.0' 
- 
4.0' 
Gate-Source 
Leakage Forward 
lass 
Vas - 20 V, Vos - 0 V 
- 
- 
100' 
nA 
Gate-Source 
Leakage Reverse 
lass 
Vas - -20 V, Vos - 0 V 
- 
- 
100' 


Zero-Gate 
Voltage Drain Current 
Vos - 400 V, Vas - 0 V 
- 
- 
250' 
pA 
loss 
Vos = 320 V, Vas - 0 V, Tc - 125°C 
- 
000' 
- 
On-State Voltage- 
Vos(on) 
Vas = 10V, 10 = 1.25A 
- 
- 
4.5' 
V 


Static Drain-Source 
On-State Resistance- 
Vas = 10 V, 10 = 0.8 A, TA = 25°C 
- 
3.3 
3.6' 
0 
ros(on) 
Vas = 10 V, 10 = 0.8 A, TA = 125°C 
- 
- 
.92' 


Diode Forward Voltage- 
Vso 
Tc = 25°C, Is - 1.25 A, Vas - 0 V 
0.6' - 
1.4' 
V 
Forward Transconductance- 
gt. 
Vos - 5 V, 10 - 0.8 A 
0.1' 
1.2 
2.1' 
S(O) 
Input Capacitance 
Cia. 
Vas = 0 V, Vos - 25 V, f = 1 MHz 
60' 
135 
200' 


Output Capacitance 
Con 
See Fig. 10 
15' 
35 
50' 
pF 
Reverse Transfer 
Capacitance 
C,n 
2' 
8 
15' 


Turn-On 
Delay Time 
td(on) 
Voo"" 170 V, 10 - 0.8 A, Zo = 50 0 - 
- 
15' 
Rise Time 
t, 
See Fig. 15. (MOSFET switching 
- 
- 
20' 
Turn-Of 
Delay Time 
td(off) 
times are essentially 
independent 
35' 
ns 
- 
- 
Fall Time 
t, 
of operating 
temperature.) 
- 
- 
30' 


Safe Operating 
Area 
Vos = 200 V, 10 = 75 mA, See Fic. 16. 
15 
- 
- 
W 
SOA 
Vos = 12 V, 10 = 1.25 A, See Fic. 16. 
15 - 
- 


J unction-to-Case 
Junction-to-Ambient 
°CIW I 


Reverse Recovery Time 
too 
J=150°C, IF=1.25 A, diF/dt=1 00 A/!JSI 
380 
I 
ns 
Reverse Recovered Charge 
ORR 
J=150°C, 'F=1.25 A, diF/dt=100 A/!JSI 
2.7 
I 
pC 


Forward Turn-On 
Time 
ton 
Intrinsic 
turn-on 
time is negligible. 
Turn-on 
speed is 
SUbstantially controlled 
by Ls + Lo. 


'JEDEC 
registered value. 


-Pulse Test: Pulse width ~ 300!JS, duty cycle ~ 2%. 
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I' 
I 
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3.0 
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E 
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1. DUTY 
FACTOR, 
0 = tl/t2 
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PER UNIT 
BASE = RthJC = 
8.33 
OEG. 
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3. 
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Fig. 5 - Maximum effective transient thermal impedance, 
junction-to-case 
vs. pulse duration. 
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NOTES: 
1. LHOOI3 CASE 
GAOUNDED. 


2. GROUNDED 
CONNECTIONS 
COMMON 
TO GROUND 
PLANE ON BOARD. 
3. PULSE 
WIDTH'" 
3/A, PERIOD:: 
11M, 
AMPLITUDE'" 
10 V. 


I 
PULSE WIDTH 


VOS{ON)+10V-TJ"'9 


IN:::IOFFIOV,o501±~ 
9~N:UTPUl:~~Ot~% 


RISE TIME 
INPUT PULSE FALL TIME 
td1onl\Ttr 
IdIOltIV" 
VOS (OFF) 


OUTPUT ~I 
l~ 


VDS (ON) 
'{_ 
90 % 
-hO % 


NOTES: 
WHEN 
MEASURING 
RISE TIME. 
VOS(ON) 
SHALL 
BE AS SPECIFIED 
ON 
THE 
INPUT 
WAVEFORM. 
WHEN 
MEASURING 
FALL 
TIME, 
VOS(OFF) 
SHALL BE SPECIFIED 
ON THE INPUT 
WAVEFORM. 
THE INPUT TRANSITION 
AND 
DRAIN 
VOLTAGE 
RESPONSE 
DETECTOR 
SHALL 
HAYE 
RISE AND 
FALL 
RESPONSE 
TIMES 
SUCH 
THAT 
DOUBLING 
THESE 
RESPONSES 
WILL 
NOT 
AFFECT 
THE 
REIUl 
TS GREATER 
THAN 
THE 
PRECISION 
OF 
MEASUREMENT. 
THE CURRENT 
SHALL 
BE SUFFICIENTLY 
SMAll 
SO 
THAT 
DOUBLING 
IT DOES NOT AFFECT 
TEST RESULTS 
GREATER 
THAN 
THE PRECISION 
OF MEASUREMENT. 


NOTES: 
1. SET VDS TO THE 
VALUE 
SPECIFIED 
UNDER 
DETAILS 
USING 
A O.1~. 
PULSE 
WIDTH 
WITH 
A MINIMUM 
OF 1 MINUTE 
BETWEEN 
PULSES. 
INCREASE 
VGS 
UNTIL 
THE 
SPECIFIED 
VALUE 
OF 10 AND 
VDS 
ARE 
OBTAINED. 
CASE 
TEMPERATURE:: 
25°C. 


2. SELECT 
RS SUCH 
THAT 
10 . AS " 2.5 ± 1 Vdc. 


~ 
••.•w 
w "- 
zen 
zO 
c:::i: 
~ffi 
'3= 
zo 
A. 


• 6.0A, 100V 


• rDS(on) 
= 0.300. 


• SOA 
is Power-Dissipation 
Limited 


• Nanosecond 
Switching 
Speeds 


• Linear 
Transfer 
Characteristics 


• High 
Input 
Impedance 


• Majority 
Carrier 
Device 


TO-20SAF 
BODOM 
VIEW 


SOUTIRCE. 
. GATE 


DRAIN 
(CASE) 


Description 


The 
2N6788 
is 
an 
n-channel 
enhancement-mode 
silicon-gate 
Terminal Diagram 
power 
field-effect 
transistor 
designed 
for 
applications 
such 
as 
switching 
regulators, 
switching 
converters, 
motor 
drivers, 
relay 
N-CHANNEL 
ENHANCEMENT 
MODE 


drivers, 
and 
drivers 
for 
high-power 
bipolar 
switching 
transistors 
requiring 
high 
speed 
and low 
gate-drive 
power. 
This type 
can 
be 
0 
operated 
directly 
from 
integrated 
circuits. 


The 
2N6788 
is supplied 
in the 
JEDEC 
TO-205AF 
(Low 
Profile 
TO-39) 
metal package. 


Drain-Source Voltage (Note 1) 
VOS 
Drain-Gate Voltage (RGS = 20kO) (Note 1) 
VDGR 
Continuous Drain Current 
TC = +250C 
ID 
TC = +100oC 
10 
Pulsed Drain Current (Note 2) 
10M 
Gate-Source Voijage 
VGS 
Continuous Source Current (Body Diode) 
IS 
Pulse Source Current (Body Diode)(Note 2) 
ISM 
Maximum Power Dissipation 
TC= +250C (See Figure 14) 
PD 
Unear Derating Factor (See Figure 14) 
. 


Inductive Current, Clamped 
ILM 
(L= 100flH) 
Operating and Storage Junction Temperature Range 
TJ, TSTG 
Maximum Lead Temperature for Soldering 
TL 
(0.063" (1.6mm) from case for 10s) 


*JEDEC 
registered 
values 


NOTES: 


1. TJ = +2SoC to +1 SOoC 


2. Repetitive Rating: Pulse width limited by max. junction temperature. 
See 
Transient 
Thermal 
Impedance 
Curve (Fig. 5). 


UNITS 


V 
V 


6.0' 
3.5' 
24' 
±20' 
6.0' 
24' 


20' 
0.16' 


24 


W 
WfOC 
A 


Parameter 
Min. 
Typ. 
Max. 
Units 
Test 
Conditions 


BVo~~ 
Drain - Source 
Breakdown 
Voltege 
100· 
V 
VGS 
•• OV, 10 •• 0.25 mA 


VGSlth 
Gate 
Threshold 
Voltage 
2.0· 
4.0· 
V 
VOS 
•• VGS' 
10 - 
1.0 mA 


IGSS 
Gate - Source 
Leakage 
Forward 
100· 
nA 
VGS 
•• 2OV, VoS 
•• OV 


Ir.·S 
Gate 
- Source 
Leakege 
Reverse 
100· 
nA 
VGS 
•• 
2OV, VOS 
•• OV 


I lOSS 
zero 
Gate 
VoItege 
Drain Current 
250· 
,.A 
VoS 
•• lOQV, VGS 
•• OV 


1000· 
,.A 
VoS 
•• BOV, VGS 
•• DV, TC 
125°C 


VO"" 
On-State 
Voftage ., 
2.10· 
V 
VGS 
• 
10V, 10 :a.6.M 


ROSlonl 
Static 
Drain-Sowce 
On-State 
Resistance 0 
0.25 
0.30· 
Q 
VGS 
.., 10V, 10 - 
3.5A, TC _ 
25°C 
O.S<" 
Q 
VG~ 
•• 10V, 10 - 
3.5/(. 
TC '" 125°C 


VsO 
Diode 
Forward 
Vottege 
l2 
0.8· 
1.8- 
V 
TC •• 25°C, 
IS 
6.0A. 
VGS 
•• OV 
.,. 
Forward 
TranlCOnduetance 
~ 
1.5· 
2.> 
4.5- 
slm 
VoS 
•• 5V, 10 '" 3.5A 
0;- 
Input 
Capecit8flCe 
200· 
450 
600· 
pF 
VGS 
OV, Ves 
- 
25V, f 
1.0 MHz 


Co•• 
Output 
CapecitjWlCtl 
100· 
200 
400· 
pF 
See 
Fig. 10 
<;•• 
Reverie 
Transfer 
Capacitance 
20· 
50 
100· 
pF 


tdonl 
Turn-On 
Delay Time 
40" 
"' 
VoO 
;II 35V, 10 •• 3.5A, 
1.0 
•• 500 


I, 
Riae Time 
70· 
"' 
See 
Fig. 15 


'doff\ 
Turn-Off 
Delay Time 
40· 
n. 
(MOSFET 
swttching 
time, 
are essentially 
independent 


If 
Fall Time 
70· 
n. 
of operating 
temperature.) 


SOA 
Safe 
Opefating 
Area 
20 
W 
VO~ 
•• BOV,IO 
250 mA, See 
Ftg. 16. 


20 
W 
Ves 
•• 3.3V, 
10 
6OA, See 
Ftg. 16. 


RthJc 
Junction-t~CI. 


A. 
Junction-t~Ambient 


Source-Drain Diode Switching Characteristics 
(Typical) 


lrt 
Rever. 
Recovery 
Time 
230 
TJ 
•• 150°C, 
IF '" 6.0A., dtFldt 
100AlIol' 


0RR 
Rever. 
Recovered 
Charge 
1.2 
IolC 
TJ 
•• 1500t, 
IF 
8.0A, dlF'dt 
100AlIol' 


Forward 
Tum-on 
Time 
Intrinsic 
turn-on 
time 
is negligible. 
Turn-on 
speed 
is substantially 
controlled 
by LS •. 
LO' 


G) TJ 
•• 25°C 
to 150°C. 
® 
Put. 
Test: 
Pulse 
width 
" 
JOOIlS, Duty Cycle 
C;; 2%. 
@ 
Repetitive 
Rating: 
Pulle 
widr:h limited 
by 


max. ;unction 
temperature. 


See 
Trenlient 
Thermal 
Impedenc:e 
Curve 
lAg. 51. 
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NOTES: 
1. LHOOiJ CASE GROUNDED. 
2. GROUNDED CONNECTIONS COMMON TO GROUND PLANE ON BOARD. 
J. PULSE WIOTH·J 
,..1. PERIOO-' 
mi. AMPLITUOE-10V 


VGSlolI)°V 


INPUT PULSE 
RISE TIME 


NOTES: 
WHEN MEASURING 
RISE TIME. VGSlon) SHALL BE AS SPECIFIED ON THE INPUT 


WAVEFORM. 
WHEN MEASURING 
FALL TIME. VGSlofl) 
SHAll 
BE SPECIFIED ON 


THE INPUT WAvEFORM. 
THE INPUT TRANSITION 
AND DRAIN VOLTAGE 
RE· 


SPONSE DETECTOR SHALL HAVE RISE AND FALL RESPONSE TIMES SUCH THAT 
DOUBLING 
THESE RESPONSES WIll 
NOT AFFECT 
THE RESULTS GREATER 


TH-.N 
THE PRECISION OF MEASOREMENT. 
THE CURRENT SHAll 
BE SUFFI· 


CIENTlY 
SMAll 
SO THAT 
OOUBlI~G 
IT DOES NOT AFFECT 
TESTS RESULTS 


GREATJ:R THAN THE PRECISION OF MEASUREMENT. 


NOTES: 
,. 
SET Vas TO THE VALUE 
SPECIFIED UNDER DETAILS USING A 0,11 PULSE 


WIDTH WITH A MINIMUM 
OF 1 MINUTE BETWEEN PULSES. INCREASE VGS 


UNTIL THE SPECIFIED VALUE 
OF 10 AND Vas ARE OBTAINED 
CASE 


TE\lIPERATURE 
-250C 


2. SElECT 
RS SUCH THAT 10. RS • 2.5 ! 1.0 Vele. 


mHARRIS 
2N6790 


N-Channel Enhancement-Mode 


Power MOS Field-Effect Transistor 


• 3.5A, 200V 


• rDS(on) = O.SO 


• SOA is Power-Dissipation 
Limited 


• Nanosecond Switching Speeds 


• Linear Transfer Characteristics 


• High Input Impedance 


• Majority Carrier Device 


Description 


The 2N6790 
is an n-channel 
enhancement-mode silicon-gate 
power MOS field-effect transistor designed for applications such as 
switching 
regulators, switching converters, motor drivers, relay 
drivers, and drivers for high-power bipolar switching transistors 
requiring high speed and low gate-drive power. This type can be 
operated directly from integrated circuits. 


The 2N6790 is supplied in the JEDEC TO-205AF (Low Profile 
TO-39) metal package. 


TO-20SAF 
BonoM 
VIEW 


SOUnRCE • 
• GATE 


DRAIN 
(CASE) 


Terminal Diagram 


N-CHANNEL ENHANCEMENT MODE 


Drain-Source Voltage ••....•.................................... 
VDS 
Drain-Gate Voltage (RGS = 20kO) ...•........................... 
VDGR 
Continuous Drain Current 
TC = +2SoC .........................••...........•.••....•.... 
ID 
TC=+1000C 
.......•.....•••.......•••...........•••........•. 
10 
Pulsed Drain Current ..•.....•••.........•........................ 
IOM 
Gate-Source Voltage 
...................................•....... 
VGS 
Continuous Source Current (Body Diode) 
IS 
Pulse Source Current (Body Diode)(Note 2) 
ISM 
Maximum Power Dissipation 
TC = +2SoC (See Figure 14) 
PD 
Above TC = +250C, Derate Linearly (See Figure 14) 
. 


Inductive Current, Clamped .............................••.•..••.. 
ILM 


(L= 100I'H) 


Operating and Storage Junction Temperature Range 
TJ, TSTG 
Maximum Lead Temperature for Soldering 
TL 
(0.063" (1.6mm) from case for 10s) 


2N6790 


200* 
200* 


3.5* 
2.25* 
14* 
±20* 
3.5* 
14* 


20* 


0.16* 
14 


UNITS 


V 
V 


W 
WfOC 
A 


'"... 
........ 
.... "- 
zen 
zO 
ce::E 
:J:a: 
•.•.... 
'3 
zoa.. 


Parameter 
Min. 
Typ. 
Max. 
Units 
Test 
Conditions 


BVOSS 
Drain - Source 
Breakdovm 
Voltage 
200' 
V 
VGS 
- 
OV,IO 
0.25 mA 


VGSlthl 
Gete Threshold 
Vo~age 
2.0' 
- 
4.0' 
V 
VOS 
- 
VGS, 10 - 
1.0 mA 


IGSS 
Gete - Source 
Leakage 
Forward 
100' 
nA 
VGS 
- 
20V, VOS 
- 
OV 


IGSS 
Gate . Source 
leakage 
Reverse 
- 
- 
100' 
nA 
VGS 
- 
20V, VOS 
- 
OV 


lOSS 
zero 
Gate Voltage 
Drain Current 
250' 
,.Po 
VOS 
- 
2OOV, VGS 
- 
OV 
- 
- 
1000' 
,.Po 
VOS 
- 
160V, VGS 
- 
OV, TC - 
125'C 


VOSlonl 
Dn-Stete 
Vo~agea 
2.8' 
V 
VGS 
- 
10V, 10 - 
3.5A 


ROS(on) 
Static 
Orain-Source 
On-State 
Resistancea 
- 
0.50 
O.SO' 
II 
VGS 
- 
10V, 10 - 
2.25A, 
TA = 25'C 


1.50' 
II 
VGS 
- 
10V, 10 
2.25A, 
TA - 
125'C 


VSO 
Oiode 
Forward 
Vo~age a 
0.7' 
- 
1.5' 
V 
TC - 
25'C, 
IS - 
3.5A, 
VGS 
- 
OV 


gls 
Forward 
Transconduetancea 
1.5' 
2.25 
4.5' 
S(OI 
VOS 
5V,10 
2.25A 


Ciss 
Input 
Capac~ance 
200' 
450 
800' 
pF 
VGS 
- 
OV, VOS 
- 
25V, I - 
1.0 MHz 


Coss 
Output 
Capacitance 
50' 
150 
300' 
pF 
See 
Fig. 10 


Crss 
Reverse Transfer 
Capacitance 
15' 
40 
SO' 
pF 


tdlonl 
Turn-On 
Delay Time 
- 
- 
40' 
ns 
VOO •• 74V, 10 - 
2.25A, 
Zo - 
50lI 
t, 
Rise Time 
- 
- 
50' 
ns 
S•• 
Fig. 15 


tdloffl 
Turn·Off 
Delay Time 
- 
- 
50' 
ns 
(MOSFET 
switching 
times 
are essentially 
independent 


tl 
Fall Time 
., 
- 
- 
50' 
ns 
of operating 
temperature.) 


SOA 
Safe Operating 
Area 
20 
- 
- 
W 
VOS 
- 
160V, 10 - 
125 mA, S•• 
Fig. 18. 


20 
- 
- 
W 
VOS 
- 
5.7V, 
10 - 
3.5A, 
S •• 
Fig. 18. 


Thermal 
Resistance 


Rth.Jc 
JunC1ion-to-Ca 
•• 


RthJA 
Junetion-to-Ambient 
Fr•• 
Air Operation 


Reverse 
Recovery Time 


Reverse 
Recovered 
Charge 


Forward 
Turn-on 
Time 


811lIS PULSE TEST 
- 
h'ov 
8V 
Ir 


r 


VGS· 
7V 


I 


6V 


I 
5V 


4V 


20 


16 


~ 


::E~ '2 
~ 
z~~~ 
z 
~ 
E 


BOIlS PULSE TEST 
I 


f--vos 
>IO(on) 
x ROS(on) max 
I 
I 


.1 J 
T,J= 12~OC, 
~ 
II 
TJ" 
25°C 
, 
, 
I'--- 7 
TJ. 
-550e, 
'" I 
II 


J 


l.d 7 


20 


16 
~ 


:> 
12 
~~ 
z~~ 
:> 
z 
~ 
E 


, 


80 j.I$ PULSE TEST 


'OV 


9V " 
8V 
""'- 
""'- 


7V 
"" 
"" "'J..d 
" 


~ ~ 
:::- 
I 
? 


VGS 
z 6V = 
- 


5V,...- 
~ 


4Vf-- 


2 
4 
10 


Vas. 
ORAIN·TO·SOURCE 
VOLT AGE 
(VOLTS) 


~ 
Z 
I I 
I 


!;i 
~;:1.0 
I I 
I 
~z 
>:> 
D' 0.5 
;::~ 
0.5 
~~ 
0.2 
oZ 
0.2 
~'" 
-hl 
NO 
~~ 
"':> 
0.1 
~:; 
-0.05 
~.i0.05 
u~ 
-002 
2% 
<£~ 
0.01 
::; 
0.02 
U 
~ 
0.01 
10-5 


IIII 
I I 


'"IIII 
I I 


II 
I 
I 


"II 
I 
I 


1. DUTY 
FACTOR, 
0"' 
11 
'2 


2. PER 
UNIT 
BASE"' 
RthJC" 
6.25 
OEG. 
C/W. 


3. TJM - Tea 
POM ZthJCltl. 


SINGLE 
PULSE 
(TRANSIENT 


iHER,MA,L',M:E,D,~~CEI , 


10-3 
5 
10-2 
2 
5 
10.1 


11. SQUARE 
WAVE 
PULSE 
DURATION 
(SECONOS) 


5DO 


415 


~ 
3.75 
i!j§~ 
u 


3.00 
zi 


215 


g 
1.50 


.i 


0.75 


I 


TJ"' 
250C. 


=- 


, 
i ..,,.... 


TJ" 150°C 


I 
.L' 
! 
'- 
, 


r-TJ: ISOoC 


I 7 
I 


I 
, 


t 


TJ; 
250C- 
I 
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•..•w 
w'" 
zen 
Zo 
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"'w 
'~ 
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Fig. 10 - Typical capacitance versus drain-to-source 
voltage. 
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ROSlan) 
MEASURED 
WITH 
CURRENT 
PULSE 
OF 
2.0~s DURATION. 
INITIAL 
TJ: 
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(HEATING 
EFFECT 
OF 2.0 ~s PULSE 
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Fig. 9 - Typical normalized on-resistance 
versus 


temperature. 


Fig. 11 - Typical gate charge versus gate-to-source 


voltage. 
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temperature. 
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NOTES, 
WHEN MEASURING 
RISE TIME. VGS(on) SHAll 
BE AS SPECIFIED 
ON THE INPUT 


WAVEFORM, 
WHEN 
MEASURING 
FALL 
TIME, 
VGSloff) 
SHAll 
BE SPECIFIED 
ON 


THE 
INPUT 
WAVEFORM. 
THE 
INPUT 
TRANSITION 
AND 
DRAIN 
VOLTAGE 
RE· 


SPONSE 
DETECTOR 
SHALL 
HAVE 
RISE AND 
FAll 
RESPONSE 
TIMES 
SUCH 
THAT 
DOUBLING 
THESE 
RESPONSES 
Will 
NOT 
AFFECT 
THE 
RESULTS 
GREATER 
THAN 
THE PRECtSION 
OF MEASUREMENT. 
THE 
CURRENT 
SHAll 
BE SUFFI· 


CIENTLY 
SMALL 
SO THAT 
OOUBL"G 
'T 
OOES 
NOT 
AFFECT 
TESTS 
RESULTS 


GREATER 
THAN 
THE 
PRECISION 
OF MEASUREMENT. 


NOTES: 
1. LH0063 
CASE 
GROUNDED. 


2. 
GROUNDED 
CONNECTIONS 
COMMON 
TO GROUND 
PLANE 
ON BOARD. 


3. PULSE WIDTH.,3 ~s. PERIOO-l 
ml, AMPLITUDe-1QV, 


NOTES, 


1. SET Vas TO THE 
VALUE 
SPECIFIED 
UNDER 
DETAILS 
USING 
A 0.1s PULSE 


WIDTH 
WITH 
A MINIMUM 
OF 1 MINUTE 
BETWEEN 
PULSES. 
INCREASE 
VGS 


UNTIL 
THE 
SPECIFIED 
VALUE 
OF 10 AND 
VOS ARE 
OBTAINED. 
CASE 


TEMPERATURE" 
2SoC. 


2. SELECT 
RS SUCH 
THAT 
10. RS· 
2.S t 1.0 Vdc. 


mlHARRIS 
2N6792 


N-Channel Enhancement-Mode 


Power MOS Field-Effect Transistor 


Features 


• 2A, 400V 


• rDS(on) = 1.80 


• SOA is Power-Dissipation 
Limited 


• Nanosecond Switching Speeds 


• Linear Transfer Characteristics 


• High Input Impedance 


• Majority Carrier Device 


TO-205AF 
sonOM 
VIEW 


SOUTIRCE 
0 
GATE 


DRAIN 
(CASE) 


Description 


The 2N6792 is an n-channel enhancement-mode silicon-gate 
Terminal Diagram 
power MOS field-effect transistor designedfor applications such as 
switching regulators, switching converters, motor drivers, relay 
N-CHANNELENHANCEMENTMODE 
drivers, and drivers for high-power bipolar switching transistors 
requiring high speed and low gate-drive power. This type can be 
0 
operated directly from integrated circuits. 


The 2N6792 is supplied in the JEDEC TO-205AF (Low Profile 
TO-39) metal package. 


Drain-Source 
Voltage. 
. . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . • . . . . . . . •• VDS 
Drain-Gate 
Voltage (RGS = 20kO) ............................•.. 
VDGR 
Continuous 
Drain Current 
TC = +250C 
10 
TC = +100oC 
...•••..•........•................................ 
10 
Pulsed Drain Current .....••............•......................... 
IDM 
Gate-Source 
Voltage 
.................•........................• 
VGS 
Continuous 
Source Current 
....................................••.•.. 
IS 
Pulse Source Current 
.......................................•.•... 
ISM 
Maximum Power Dissipation 
TC = +250C (See Figure 14) ..............................••.•.... 
Po 
AboveTc 
= +250C, Derate Linearly (See Figure 14) 
. 


Inductive Current, Clamped 
....................•.............•.... 
IlM 
(L= 
100~H) 
Operating 
and Storage Junction Temperature 
Range 
TJ, TSTG 
Maximum lead Temperature 
for Soldering 
....•.•.................... 
Tl 
(0.063" 
(1.6mm) from case for 10s) 


2N6792 


400* 
400* 


UNITS 


V 
V 


2* 
1.25* 
10* 
±20* 
2* 
10* 


20* 
0.16* 
10 


W 
WjOC 


A 


Porllm8ter 
Min. 
Typ. 
Max. 
Units 
Test 
Cond~ion. 


BVOSS 
Drain - Source 
Breakdown 
Vokage 
400" 
V 
VGS 
- 
OV.IO 
0.25 mA 


VGSlthl 
Gate Threshold 
Voltage 
2.0" 
- 
4.0" 
V 
VOS 
- 
VGS, 10 - 
1.0 mA 


IGSS 
Gata • Source 
Leakage 
Forward 
- 
100" 
nA 
VGS 
- 
2OV. VOS 
- 
OV 


IGSS 
Gate . Source 
Leakage 
Rever •• 
- 
- 
100" 
nA 
VGS 
- 
-2OV, 
VOS 
- 
OV 


lOSS 
Zero Gate 
Vokage 
Drain Current 
- 
- 
250" 
,.A- 
VOS 
~ 4OOV, VGS 
- 
OV 
- 
- 
1000" 
,.A- 
VOS 
- 
320V, 
VGS 
- 
OV, TC - 
125°C 


VOSlonl 
On-State 
Vokage 
a 
- 
- 
3.6" 
V 
VGS 
- 
10V, 10 - 
2.0A 


ROSlon) 
Static 
Drain-Source 
On-State 
Resistance 
a 
- 
1.50 
1.80" 
0 
VGS 
~ 
10V, 10 - 
1.25A, 
TA - 
25°C 
- 
- 
4.00" 
0 
VGS 
- 
10V, 10 - 
1.25A. 
TA - 
125°C 


VSO 
Diode 
Forward 
Vokage 
a 
0.6" 
- 
1.4" 
V 
TC ~ 
25°C, 
IS - 
2.0A, 
VGS 
~ 
OV 


gl. 
Forward 
TranlCOnduetance 
a 
1.0" 
2.0 
3.0" 
SIUI 
VOS 
_. 5V, 10 - 
1.25A 


Ciss 
Input 
Capac~ 
200" 
450 
600" 
pF 
VGS 
~ 
OV, VOS 
~ 
25V. I ~ 
1.0 MHz 


Coss 
Output 
Capacitance 
40" 
100 
200" 
pF 
See 
Fig. 10 


Crss 
RevOf•• Transfar 
Capac~ance 
5.0" 
20 
40" 
pF 


tdlonl 
Turn-On 
Delay lime 
- 
- 
40" 
n. 
VOO '" 175V, 10 - 
1.25A, z" - 
50ll 
t, 
Rise Time 
- 
- 
35" 
ns 
See 
Fig. 15 


tdloff) 
Turn-Off 
Delay lime 
- 
- 
50" 
ns 
(MOSFET switching 
times are essentially 
independent 


tl 
Fall lime 
- 
- 
35" 
ns 
of operating 
temperature.) 


SOA 
Sale 
OpOfating 
Area 
20 
- 
- 
W 
VOS 
~ 2OOV. 10 ~ 
100 mA. See 
Fig. 16. 


20 
- 
- 
W 
VOS 
~ 
10V, 10 - 
2.0A. 
See 
Fig. 16. 


Thermal Resistance 


flthJc 
Junction-to-Caoo 


flthJA 
Junction-to-Ambient 


Source-Drain Diode SWitching Characteristics 
(Typical) 


lrr 
RevOf•• 
RecoVOfy lime 
450 
ns 
TJ 
~ 
150°C, 
IF ~ 
2.0A, 
dlFJdt 
~ 
100A/ps 


QRR 
RevOf•• 
RecovOfed 
Charge 
3.1 
pC 
TJ 
- 
150°C. 
IF - 
2.0A. 
dlFJdt 
- 
100AJps 


ton 
Forward Turn-on TIme 
Intrinsic turn-on time is negligi~e. Turn-on speed is substantially controlled by LS + lO' 
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-. NOTES, 
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Fig. 10 - Typical capacitance versus drain-to-source. 


voltage. 


ROS(on) 
MEASURED 
WITH 
CURRENT 
PUI ': .•. J' 


2.0"'5 
DURATION. 
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25°C 
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Fig. 9 - Typical normalized on-resistance 
versus. 


temperature. 


Fig. 11 - Typical gate charge versus gate-to-source. 
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Fig. 13 - Maximum drain current versus case. 
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VGSI.lf) 
OV 


INPUT 
PULSE 
RISE TIME 


1I0Slon) 


NOTES, 
WHEN MEASURING 
RISE TIME. VGS(on) $HAllBE 
AS SPECIFIED 
ON THE INPUT 


WAVEFORM, 
WHEN 
MEASURING 
FALL 
TIME. 
VGSlaftl 
SHAll 8E SPECIFIED 
ON 


THE 
INPUT 
WAVEFORM. 
THE 
INPUT 
TRANSITION 
AND 
DRAIN 
VOLTAGE 
RE· 


SPONSE DETECTOR SHAll 
HAVE RISE AND FAll 
RESPONSE TIMES SUCH THAT 


DOUBLING 
THESE 
RESPONSES 
W\ll 
NOT 
AFfECT 
THE 
RESULTS 
GREATER 
THAN 
THE 
PRECISION 
OF MEASUREMENT. 
THE 
CURRENT 
SHALL 
BE SUFFI· 


CIENTlY 
SMAll 
SO THAT DOUBlI~G 
IT DOES NOT AFFECT 
TESTS RESULTS 


GREATER 
THAN THE PRECISION 
OF MEASUREMENT. 


NOTES, 
,. 
lHOO63 CASE GROUNDED. 


2. 
GROUNDED 
CONNECTIONS 
COMMON 
TO GROUND 
PLANE 
ON BOARD. 


3. PULSE WIDTH -3 ~I. PERIOO-1 
ms, AMPLITUDE-lOll, 


NOTES, 


1. SET Vas 
TO THE VALUE 
SPECifiED 
UNDER 
DETAilS 
USING 
A O.h PULSE 


WIDTH 
WITH 
A MINIMUM 
OF 1 MINUTE 
BETWEEN 
PULSES. 
INCREASE 
VGS 


UNTIL 
THE SPECIFIED 
VALUE 
OF 10 ANO 
VDS ARE 
OBTAINED. 
CASE 


TEMPERATURE· 
250C. 


2. SelECT 
RS SUCH THAT 10.As • 2.5 ! 1.0 Vdc. 


mHARRIS 
2N6794 


N-Channel 
Enhancement-Mode 
Power MOS Field-Effect 
Transistor 


Features 


• 1.5A, 500V 


• rDS(on) = 30 


• SOA is Power-Dissipation 
Limited 


• Nanosecond Switching Speeds 


• Linear Transfer Characteristics 


• High Input Impedance 


• Majority Carrier Device 


TO-20SAF 
BonOM 
VIEW 


SOUTIRCE. 
."ATE 


DRAIN 
(CASE) 


Description 


The 2N6794 
is an n-channel enhancement-mode silicon-gate 
Terminal Diagram 
power MOS field-effect transistor designed for applications such as 
switching regulators, switching converters, motor drivers, relay 
N-CHANNEL 
ENHANCEMENT 
MODE 
drivers, and drivers for high-power bipolar switching transistors 
requiring high speed and low gate-drive power. This type can be 
D 
operated directly from integrated circuits. 


The 2N6794 is supplied in the JEDEC TO-205AF (Low Profile 
TO-39) metal package. 


Drain-Source 
Voltage. 
. . . . . . . . . . . . . . • . . . . . . . . . . . . • . . . . . . . . . . . . .. 
VDS 
Drain-Gate 
Voltage (RGS = 20kfl) 
........•...................... 
VDGR 
Continuous Drain Current 
TC = +2SoC 
.•................................................. 
10 
TC = +1000C 
........................•......................... 
10 
Pulsed Drain Current ..•.....•.....•.•••........•••••.•..•........ 
IDM 
Gate-Source 
Vo"age 
VGS 
Continuous Source Current 
IS 
Pulse Source Current 
ISM 
Maximum Power Dissipation 
TC = +2SoC (See Figure 14) .......................•..••..••..... 
Po 
Above TC = +2S0C, Derate Linearly (See Figure 14) ..••.•.•••.•..•... 
Inductive Current, Clamped 
•.....•...........•.................... 
ILM 
(L= 
100~H) 
Operating and Storage Junction Temperature 
Range 
TJ, TSTG 


Maximum Lead Temperature 
for Soldering 
TL 


(0.063" (1.6mm) from case for 10s) 


2N6794 


500· 
500· 


1.5· 
1" 
6.5" 
±20" 
1.5" 
6.5" 


20" 
0.16" 
6.5 


UNITS 


V 
V 


W 
WjOC 
A 


~ 
........ 
.... ... 
zen 
zQ 
<::IE 
:ea: 
u ••.• 
':I: 
ZQ~ 


......- 
MIn. 
Typ. 
Max. 
U•• 
T•• ee..-. 
BV~c: 
Drlin • Source .....- 
VoIIIgo 
&00' 
V 
Vc-~c:- OV,10 - 0.25 mA 
VGSllhl GII8 ~ 
VoIIIgo 
2.0' 
4.0' 
V 
Vos - 
Vas. 10 - 
1.0 mA 
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Source-Drain Diode Switching Characteristics 
(Typical) 
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Fig. 5 - Maximum effective transient thermal impedance. 
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Fig. 10 - Typical capacitance versus drain-to-source 
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versus 
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Fig. 11 - Typical gate charge versus gate-to-source 
voltage. 
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VGS(olfIOIl 


INPUT 
PULSE 
RISE TIME 


NOTES 
WHEN 
MEASURING 
RISE TIME. 
VGS(on) 
SHALL 
BE AS SPECIFIED 
ON THE 
INPUT 


WAVEFORM. 
WHEN 
MEASURING 
FAll 
TIME. 
VGSlolfl SHAll 
BE SPECIFIED 
ON 


THE 
INPUT 
WAVEFORM. 
THE 
INPUT 
TRANSITION 
AND 
DRAIN 
VOLTAGE 
RE- 


SPONSE DETECTOR SHAll 
HAVE RISE AND FAll 
RESPONSE TIMES SUCH THAT 
DOUBLING 
THESE 
RESPONSES 
Will 
NOT 
AffECT 
THE 
RESULTS 
GREATER 
THAN THE PRECISION 
OF MEASUREMENT. 
THE CURRENT 
SHAll 
BE SUFFI· 


CIENTLY 
SMALL 
SO THAT 
OOUBlI~G 
IT DOES NOT 
AFFECT 
TESTS 
RESULTS 
GREATER 
THAN 
THE 
PRECISION 
OF MEASUREMENT. 


NOTES, 
,. 
lH0063 
CASE GROUNDED. 


2. 
GROUNDED 
CONNECTIONS 
COMMON 
TO GROUND 
PLANE 
ON BOARD. 


3. PULSE WIDTH ,,3 ps, PERIOD-' 
ms, AMPlITUDe-10V. 


NOTES, 


1. SET Vas 
TO THE VALUE 
SPECIFIED 
UNDER 
DETAILS 
USING 
A O.h PULSE 


WIDTH 
WITH 
A MINIMUM 
DF 1 MINUTE 
BETWEEN 
PULSES. 
INCREASE 
VGS 


UNTIL 
THE SPECIFIED 
VALUE 
OF 10 ANO 
Vos 
ARE 
OBTAINED. 
CASE 


TEMPERATURE'" 
250C. 


2. SElECT 
RS SUCH THAT 
10. RS" 
2.5:t 
1.0 Vdt. 
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w "- 
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<:::is 
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Uw 
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zo 
0.. 


Description 


The 
2N6796 
is 
an 
n-channel 
enhancement-mode 
silicon-gate 
Terminal Diagram 
power 
field-effect 
transistor 
designed 
for 
applications 
such 
as 
switching 
regulators, 
switching 
converters, 
motor 
drivers, 
relay 
N-CHANNEL 
ENHANCEMENT 
MODE 


drivers, 
and 
drivers 
for 
high-power 
bipolar 
switching 
transistors 
requiring 
high 
speed 
and 
low 
gate-drive 
power. 
This 
type 
can 
be 
0 
operated 
directly 
from 
integrated 
circuits. 


The 
2N6796 
is 
supplied 
in 
the 
JEDEC 
TO-205AF 
(Low 
Profile 
TO-39) 
metal 
package. 


mHARRIS 


• 8.0A, 
100V 


• rDS(on) 
= 0.180 


• SOA 
is Power-Dissipation 
Limited 


• Nanosecond 
Switching 
Speeds 


• Linear 
Transfer 
Characteristics 


• High 
Input 
Impedance 


• Majority 
Carrier 
Device 


2N6796 


N-Channel Enhancement-Mode 
Power Field-Effect Transistor 


TO-205AF 
BOTTOM 
VIEW 


SOUTIRCE 
0 
GATE 


o 
0 


DRAIN 
(CASE) 


Drain-Source 
Voltage (Note 1) 
VDS 
Drain-Gate 
Voltage (RGS = 20kO) (Note 1) 
VOGR 
Continuous 
Drain Current 
TC = +250C 
'D 
TC = + 1OOoC . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 
'D 
Pulsed Drain Current (Note 2) 
'DM 
Gate-Source 
Voltage 
VGS 
Continuous 
Source Current (Body Diode) 
IS 
Pulse Source Current (Body Diode)(Note 
2) 
ISM 
Maximum Power Dissipation 
TC = +2SoC (See Figure 14) 
PD 
Unear Derating Factor (See Figure 14) 
. 
Inductive Current, Clamped 
'LM 
(L = 1001lH) 
Operating 
and Storage Junction Temperature 
Range 
TJ, TSTG 
Maximum Lead Temperature 
for Soldering 
TL 
(0.063" 
(1.6mm) from case for 10s) 


ilJEOEC 
registered 
values 


NOTES: 


1. TJ = +2SoC to +1S00C 


2. Repetitive 
Rating: 
Pulse width 
limited 
by max. junction 
temperature. 
See 
Transient 
Thermal 
Impedance 
Curve (Fig. 5). 
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~emet 
••. 
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Typ. 
Max. 
Unit. 
T•• 
Condition. 


BVOSS 
Oulin • SoYrce 
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Vottege 
100· 
V 
VGS 
• 
OV. 10 - 
0.25 
mA 
Vr.<:_l 
Gat_ ThfMhold 
Vottage 
2.0· 
4.0* 
V 
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• 
VGS- ID ,. 
0.5 mA 
Ic.« 
Get_ • SoYrc:e L.uk.8ge 
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nA 
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., 
2OV. VOS 
"" OV 
"'.. 
Gmt 
- SoYrc:e lNk.Ige 
Rev.. 
100· 
nA 
VGS 
• 
- 2OV. VOS 
• 
OV 


lOSS 
zero 
Gat_ 'Iokage 
Drlin 
Current 
250" 
.•. 
VOS 
• 
l00V. 
VGS 
• 
OV 


1000· 
.•. 
VOS 
• 
SOV. VGS 
OV, TC "" 125°C 
VOSI~1On-S•••• _ 
W 
1.56* 
V 
VGS 
• 
10V, 10 • 
S.OA 
ROSlonl 
Stetic 
DrIin-SoYrc:e 
C»State 
Ruimnce 
tY 
0.14 
O.lS* 
0 
VGS 
• 
lOV, '0 
"" 5.0A. TC "" 25°C 
0.36- 
0 
Vr:.~ - 
10V, 10 
'" 5.0A. TC _ 
125°C 
Vsn 
D;ode_d_ 
2) 
0.75- 
1.5· 
V 
TC '" 25°C, 
IS ., 
S.OA. VGS 
• 
OV 
••• 


Fofwerd 
Tr..,lCOrlduetanee 
W 
3.0· 
... 
9.0· 
S(lJI 
VOS 
• 
5V. ID • 
5.OA 


C;•• 
Input 
CaplcitIl'lC8 
350· 
600 
900" 
pF 
VGS 
• 
OV. VDS 
= 25V, f 
1.0 MHz 
Cft_ 
Output 
c.p.cit-.ee 
150" 
300 
500" 
oF 
See 
Ag. 10 
c.•• 
ReYer. 
T,.,sfer 
Capacitance 
50" 
100 
150" 
pF 
""~ 
T•••n-On 
Delay TIme 
30" 
n. 
VOO a JOV. 10 ,., 5.0A, l.o 
"" 500 
~ 
Ai. 
TIme 
- 
75" 
n. 
See 
Fig. 15 


Id'ft" 
Turn-Off 
Delay TIme 
40" 
n. 
lMOSFET 
switching 
time •• 
e euentially 
independent 


If 
Fell TIme 
.." 
n. 
of oper8ting 
temperature.) 


SDA 
Safe 
Oper-Ming Aru 
25 
W 
VDS 
• 
SOV,IO 
., 
310 mA. See 
Mg. 16. 


0 
25 
W 
VDS 
"" 3.12V, 
ID 
S.CA, See 
Mg. 16. 


Thermal Resistance 
I Ruuc 
Junction-to-Case 
RttuA 
JLnCtion-1O-Ambient 
~.C'WI 
~~.-C-'W--"'-"-A-;,-()pe<-"-K>n------------ 


Source·Draln Diode Switching Characteristics 
(Typical) 
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G) 
TJ 
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to 150°C. 
® 
PuI. 
T8*:: Pulae wic:fth " 
300,.. •• Outy Cycle" 
2%. 
® 
Repetitive 
Rating: 
Pul. 
width 
limited 
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max. junction 
temperatUl"e. 


See 
Transient 
Thermal 
Impedance 
Curve 
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Fig. 11 - Typical Gate Charge Vs. Gate-to·Source Voltage 
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Fig. 13 - Maximum Drain Current Vs. Case Temperature 
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VGSlotfjOV 


INPUT 
PULSE 
RISE 
TIME 


NOTES: 
WHEN MEASURING 
RISE TIME, 
VGStonl SHAll BE AS SPECIFIED 
ON THE INPUT 


WAVEFORM. 
WHEN 
MEASURING 
fAll 
TIME, 
VGSlolt) 
SHALL 
BE SPECIFIED 
ON 


THE INPUT WAVEFORM. 
THE INPUT TRANSITION 
AND DRAtN 
VOLTAGE 
RE· 


SPONSE DETECTOR SHAll 
HAVE 
RISE AND FALL 
RESPONSE TIMES SUCH THAT 
DOUBLING 
THESE RESPONSES Will 
NOT AFFECT 
THE RESULTS GREATER 
THAN 
THE 
PRECISION 
Of 
MEASUREMENT, 
THE 
CURRENT 
SHAll 
BE SUFfI· 


CIENTLY 
SMALL 
SO THAT 
OOUBLI~G 
IT DOES NOT AFFECT 
TESTS RESULTS 


GREATER 
THAN 
THE PRECISION 
Of MEASUREMENT. 


NOTES: 
1. lHOO63 CASE GROUNDED. 
2. GROUNDEO 
CONNECTIONS 
COMMON TO GROUND 
PLANE 
ON 8oARO. 


3. PULSE WtDTH -3 J,lS, PERI 00-1 
ml, AMPLITUDE-10V. 


NOTES: 
1. SET Vas TO THE VALUE 
SPECIFIED 
UNDER DETAilS 
USING A O.hPUlSE 


WIDTH WITH A MINIMUM 
OF 1 MINUTE 
BETWEEN PULSES. 
INCREASE 
VGS 


UNTIL 
THE SPECIF1ED VALUE 
OF 10 AND Vas ARE OBTAINED. 
CASE 


TEMPERATURE· 
250C. 


2. SelECT 
RS SUCH THAT 10. 
RS· 
2.5 t 1.0 Vdc. 


mlHARRIS 
2N6798 


N-Channel Enhancement-Mode 


Power MOS Field-Effect Transistor 


• 5.5A, 200V 


• rDS(on) = 0.40 


• SOA is Power-Dissipation 
Limited 


• Nanosecond Switching Speeds 


• Linear Transfer Characteristics 


• High Input Impedance 


• Majority Carrier Device 


Description 


The 2N6798 
is an n-channel 
enhancement-mode silicon-gate 
power MOS field-effect transistor designed for applications such as 
switching 
regulators, switching converters, motor drivers, relay 
drivers, and drivers for high-power bipolar switching transistors 
requiring high speed and low gate-drive power. This type can be 
operated directly from integrated circuits. 


The 2N6798 is supplied in the JEDEC TO-205AF (Low Profile 
TO-39) metal package. 
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BOTTOM 
VIEW 
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GATE 
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Terminal Diagram 
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ENHANCEMENT 
MODE 


Drain-Source 
Voltage 
..............•..........••........•....... 
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Drain-Gate 
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VOGR 
Continuous 
Drain Current 
TC = +250C 
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.••.....•.•...•..••........••................ 
ISM 
Maximum Power Dissipation 
TC = +250C (See Figure 14) •......•..........•..........••.•..... 
Po 
AboveTc 
= +250C, Derate Linearly (See Rgure 14) 
. 
Inductive Current, Clamped 
....•.................................. 
ILM 
(L= 
100I'H) 
Operating 
and Storage Junction Temperature 
Range 
TJ, TSTG 
Maximum Lead Temperature 
for Soldering 
....••...•.•..••.......•... 
TL 
(0.063" (1.6mm) from case for 1Os) 


2N6798 


200* 
200* 


5.5* 
3.5* 
22* 
±20* 
5.5* 
22* 


25* 
0.20* 
22 


UNITS 


V 
V 


W 
WfOC 
A 


~ 
••• w 
w ••.. 
zU) 
ZO 
<:E 
:J:a:: 
Uw 
'3 
Zo 
.... 


Paramet •• 
Min. 
Typ. 
Max. 
Un~. 
Test 
Conditions 


BVOSS 
Drain - Source Breakdown 
Vottage 
200' 
V 
VGS 
OV,IO 
0.25 mA 


VGSlthl 
Gate Threshold 
Vo~ogo 
2.0' 
4.0' 
V 
VOS 
VGS, '0 
O.S mA 


IGSS 
Gate - Source 
Leekogo 
Forward 
100' 
nA 
VGS 
2OV, VOS 
OV 


IGSS 
Gate - Source 
Leekage 
Rover •• 
100' 
nA 
VGS 
2OV, VOS 
OV 


lOSS 
loro 
Gate 
Voltage 
Drein Current 
- 
- 
250' 
,.A- 
VOS 
- 
200V, VGS 
- 
OV 
- 
- 
1000' 
,.A- 
VOS 
- 
160V, VGS 
~ 
OV, TC - 
125·C 


VOSlonl 
On-State 
Voltage' 
- 
- 
2.20' 
V 
VGS 
- 
10V, 10 - 
S.5A 


ROSlon) 
Static 
Drein-Source 
On-State 
Rosistonco' 
0.25 
0.4' 
0 
VGS 
10V, 10 
3.5A, 
TA 
25·C 
- 
- 
0.75' 
0 
VGS 
- 
10V, 10 - 
3.5A, 
TA - 
125·C 


VSO 
Diode 
Forward 
Vokage' 
0.70' 
1.4' 
V 
TC 
25·C, 
IS 
S.5A, VGS 
OV 


9fs 
Forward 
Treneconduetencea 
2.S' 
4.S 
7.5' 
SIOI 
VOS 
- 
SV, 10 - 
3.5A 


Ciss 
Inpu1 Copoc~ance 
350' 
600 
900' 
pF 
VGS 
OV, VOS 
- 
2SV, f - 
1.0 MHz 


Coss 
Ou1pu1 Copoc~ance 
100' 
250 
450' 
pF 
S •• 
Rg. 10 


Crss 
Roy •••• 
Transfer 
Copoc~onco 
40' 
SO 
150' 
pF 


tdlonl 
Turn-On 
Delay Time 
- 
- 
30' 
ns 
VOO " nv, '0 
- 
3.5A, Zo 
- 
500 
t, 
Rise Time 
50' 
ns 
S•• 
Rg. 15 


tdloffl 
Turn-Off 
Delay Timo 
- 
- 
50' 
ns 
(MOSFET switching 
times are esaentially independent 


tf 
Fall Tima 
40' 
ns 
of operating 
temperature.) 


SOA 
Safe Operating 
Area 
25 
- 
- 
W 
VOS 
- 
160V, 10 - 
1S5 mA, S•• 
Rg. 16. 


25 
- 
- 
W 
VOS 
- 
4.5V, 
10 - 
5.5A, S •• 
Fig. 16. 


Thermal Resistance 


RthJc 
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•• 
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Reverse Recovered Charge 
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Fig. 5 - Maximum effective transient thermal impedance, 


junction-to-case 
versus pulse duration. 
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Fig. 10 - Typical capacitance versus drain-to-source 
voltage. 
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Fig. 9 - Typical normalized on-resistance versus 
temperature. 
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Fig. 11 - Typical gate charge versus gate-to-source 
voltage. 
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P6106 


RL 
PROBE 


VGSloft) 
OV 


INPUT 
PULSE 
RISE 
TIME 


H.P. 
8010A 


PULSE 


GEN. 


VOS(on) 


NOTES: 


WHEN 
MEASURING 
RISE 
TIME. 
'VGS(onl 
SHAll 
BE AS SPECIFIED 
ON THE 
INPUT 


WAVEFORM. 
WHEN 
MEASURING 
fAll 
TIME. 
VGSloft) 
SHAll 
BE SPECIFIED 
ON 


THE 
INPUT 
WAVEFORM. 
THE 
INPUT 
TRANSITION 
AND 
DRAIN 
VOLTAGE 
RE· 


SPONSE DETECTOR SHAll 
HAVE RISE AND FAll 
RESPONSE TIMES SUCH THAT 


OOU8L1NG 
THESE 
RESPONSES 
Will 
NOT 
AFFECT 
THE 
RESULTS 
GREATER 
THAN 
THE PRECISION 
OF MEASUREMENT. 
THE 
CURRENT 
SHAll 
BE SUFFI· 


CIENTl 
Y SMAll 
SO THAT 
DOUBLING 
IT 
DOES 
NOT 
AFFECT 
TESTS 
RESULTS 


GREATER 
THAN 
THE 
PRECISION 
OF MEASUREMENT. 


NOTES, 
1. LH0063 
CASE 
GROUNDED. 


2. 
GROUNOEO 
CONNECTIONS 
COMMON 
TO GROUND 
PLANE 
ON BOARD. 


3. PULSE WIOTH-3jJ.I, 
PERIOO-' 
ms, AMPlITUDe-lOV. 


NOTES, 


1. SET Vas 
TO THE 
VALUE 
SPECIFIED 
UNDER 
DETAilS 
USING 
A O.h 
PULSE 


WIDTH 
WITH 
A MINIMUM 
OF 1 MINUTE 
BETWEEN 
PULSES. 
INCREASE 
VGS 


UNTil 
THE SPECIFIED 
VALUE 
OF '0 
AND 
Vas 
ARE OBTAINED. 
CASE 


TEMPERATURE. 
250C. 


2. SElECT 
RS SUCH THAT 10.RS· 2.5 t 1.0 Vdt. 


mlHARRIS 
2N6800 


N-Channel Enhancement-Mode 


Power MOS Field-Effect Transistor 


• 3A, 400V 


• rDS(on) = 10 


• SOA is Power-Dissipation 
Limited 


• Nanosecond Switching 
Speeds 


• Linear Transfer Characteristics 


• High Input Impedance 


• Majority Carrier Device 


TO-20SAF 
sonOM 
VIEW 


SOUTIRCE 
0 
GATE 


DRAIN 
(CASE) 


Description 


The 2N6800 
is an n-channel 
enhancement-mode silicon-gate 
Terminal Diagram 
power MOS field-effect transistor designed for applications such as 
switching 
regulators, switching converters, motor drivers, relay 
N-CHANNEL ENHANCEMENT MODE 
drivers, and drivers for high-power bipolar switching transistors 
requiring high speed and low gate-drive power. This type can be 
0 
operated directly from an integrated circuit. 


The 2N6800 is supplied in the JEDEC TO-205AF (Low Profile 
TO-39) metal package. 


Drain-Source 
Voltage. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. VoS 
Drain-Gate 
Voltage (RGS = 20kO) .....•.••••••.....••••.••..•... 
VoGR 
Continuous 
Drain Current 
TC = +250C 
. .. .. . .. .. .. . .. . .. .. . .. . .. .. .. . .. . .. .. .. .. .. .. .. ... 
10 
TC = +1000C 
•..•••..••.•.....••.......•..............••••••••. 
10 
Pulsed Drain Current. 
.•...•.•.....••.•.......•...........••.••.•• 
10M 
Gate-Source 
Voltage 
.••.....•.•.................•.•.•......•.•• 
VGS 
Continuous 
Source Current 
.•.••..................•••..•............. 
IS 
Pulse Source Current 
.•.••...•.•..•....•..........•.•••••..•...... 
ISM 
Maximum Power Dissipation 
TC = +2SoC (See Figure 14) ....................•................. 
Po 
AboveTc 
= +2S0C, Derate Linearly (See Figure 14) ••..•...........•... 
Inductive Current, Clamped 
.•.•••...•..•...........•..•.•......... 
ILM 
(L = 100jJH) 
. 
Operating 
and Storage Junction Temperature 
Range ...........• 
TJ, TSTG 
Maximum Lead Temperature 
for Soldering 
..........•.....•••.•••••.. 
TL 
(0.063" (1.6mm) from case for 1Os) 


2N6800 


400' 
400' 


UNITS 


V 
V 


3' 
2' 
14' 
±20' 
3' 
14' 


25' 
0.20' 
14 


W 
WfOC 


A 


Parameter 
Min. 
Typ. 
Mex. 
Un~. 
Teot Cond~ion. 


BVoss 
Drain • Source Breakdown 
Vottage 
400' 
V 
VGS 
- 
OV, 10 = 0.25 mA 


VGSlthl 
Gote Threshold 
Voltage 
2.0' 
4,0' 
V 
VOS 
- 
VGS, 10 
0.5 mA 


IGSS 
Gote - Source 
Leekage 
Forward 
- 
100' 
nA 
VGS 
- 
20V, VOS 
- 
OV 


Ir,,:,,:, 
Gate - Source Leakage Reverse 
100' 
nA 
VGS 
20V, VOS 
OV 


lOSS 
Zero Gate Vottage Drain Current 
<- 
- 
250' 
p.A 
VOS 
- 
4OOV, VGS 
- 
OV 
- 
- 
1000' 
p.A 
V~ 
- 
320V, VGS 
- 
OV, TC = 125°C 


VOSlonl 
On-Stote 
Vo~agea 
- 
3.0' 
V 
VGS 
- 
10V, 10 - 
3.OA 


RDS(on) 
Static 
Drain-Source 
On-State Resistance a 
- 
0.8 
1,0' 
0 
VGS 
- 
10V, 10 - 
2.0A, 
TA - 
25°C 
- 
- 
2.4' 
0 
VI'S 
= 10V, 10 = 2.0A, 
TA = 125°C 


VSO 
Diode 
Forwerd 
Voltage a 
0.70' 
- 
1,4' 
V 
TC - 
25°C, 
IS - 
3.0A, VGS 
- 
OV 


gf. 
Forward Tranaconduetancea 
2.0' 
3.5 
6.0' 
SIO) 
VOS 
- 
5V, 10 - 
2.0A 


eiss 
Input Capacitance 
350' 
700 
900' 
pF 
VGS 
- 
OV, VOS - 
25V, f - 
1.0 MHz 


COBI 
Output 
Capacitance 
50' 
150 
300' 
pF 
See 
Fig. 10 


.Crss 
Reverse Transfer Capacitance 
20' 
40 
BO' 
pF 


tdlonl 
Turn-On Delay Time 
- 
- 
JO' 
ns 
VOO •• 176V, 10 - 
2.0A, Zo 
- 
500 


tr 
Rise Time 
- 
- 
35' 
ns 
S.e 
Fig. 15 


td10ffl 
Turn-Off 
Delay Time 
- 
- 
55' 
ns 
(MOSFET switching 
times are essentially 
independent 


tf 
FaUTime 
- 
- 
35' 
ns 
of operating 
temperature.) 


SOA 
Safe Operating Area 
25 
- 
- 
W 
VOS 
= 200V, 
10 - 
125 mA, See 
Fig. 16. 


25 
- 
- 
W 
VOS 
- 
8,3V, 10 - 
3,OA, S.e 
Fig, 16. 


RthJC 


RthJA 


Reverse Recovery Time 


Reverse Recovered Charge 


Forward Turn-on Time 
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Fig. 5 - Maximum effective transient thermal impedance. 


junction-to-case 
versus pulse duration. 
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temperature. 
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Fig. 10 - Typical capacitance versus drain-to-source 
voltage. 


Fig. 11 - Typical gate charge versus gate-to-source 
voltage. 
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P6106 


RL 
PROBE 


VGSlofflOV 


INPUT 
PULSE 
RISE 
TIME 


VOSlotfl 
OUTPUT 


VOS(on) 


NOTES, 


WHEN 
MEASURING 
Rise 
TIME, 
VGSlon) 
SH"All 
BE AS SPECIFIED 
ON THE 
INPUT 


WAVEFORM. 
WHEN MEASURING 
FAll 
TIME. VGSlofll SHAll 
BE SPECIFIED 
ON 


THE 
INPUT 
WAVEFORM. 
THE 
INPUT 
TRANSITION 
AND 
DRAIN 
VOLTAGE 
RE- 


SPONSE 
DETECTOR 
SHALL 
HAVE 
RISE AND 
FALL 
RESPONSE 
TIMES 
SUCH 
THAT 


DOUBLING 
THESE 
RESPONSES 
WILL 
NOT 
AFFECT 
THE 
RESULTS 
GREATER 


THAN THE PRECISION 
OF MEASUREMENT. 
THE CURRENT 
SHAll 
BE SUFFI· 


CIENTLY 
SMAll 
SO THAT 
OOU811~G 
IT ODES NOT AFFECT 
TESTS 
RESULTS 


GREATER 
THAN 
THE 
PRECISION 
OF MEASUREMENT. 


NOTES, 
1. 
lH0063 
CASE GROUNDED. 


2. 
GROUNDED 
CONNECTIONS 
COMMON 
TO GROUND 
PLANE 
ON BOARD. 


3. 
PULSE 
WIDTH 
-3 
J.lS, PERloo-l 
ms, AMPLITUDE-1DV. 


NOTES, 


1. SET Vas 
TO THE 
VALUE 
SPECIFIED 
UNDER 
DETAilS 
USING 
A 0.11 PULSE 


WIDTH 
WITH 
A MINIMUM 
OF 1 MINUTE 
BETWEEN 
PULSES. 
INCREASE 
VGS 


UNTil 
THE SPECIFIED 
VALUE 
OF 10 AND 
VOS ARE 
OBTAINED. 
CASE 


TEMPERATURE' 
25'C. 


2. SelECT 
RS SUCH THAT 10. RS '"' 2.5:!: 
La Vde. 


mHARRIS 
2N6802 


N-Channel Enhancement-Mode 


Power MOS Field-Effect Transistor 


Features 


• 3.SA, SOOV 


• rDS(on) = 1.S0 


• SOA is Power-Dissipation 
Limited 


• Nanosecond Switching Speeds 


• Linear Transfer Characteristics 


TO-205AF 


BOTTOM 
VIEW 


SOUTIRCE 
0 
GATE 


o 
0 


DRAIN 
(CASE) 
• High Input Impedance 


• Majority Carrier Device 


Description 


The 2N6802 is an n-channel enhancement-mode silicon-gate 
Terminal Diagram 
power MOS field-effect transistor designedfor applicationssuch as 
switching regulators, switching converters, motor drivers, relay 
N-CHANNELENHANCEMENTMODE 
drivers, and drivers for high-power bipolar switching transistors 
requiring high speed and low gate-drive power. This type can be 
D 
operated directly from an integrated circuit. 


The 2N6802 is supplied in the JEDEC TO-205AF (Low Profile 
TO-39) metal package. 


Drain-Source 
Voltage 
.....•...•.•......•.........•.•.........•.. 
VOS 
Drain-Gate 
Voltage (RGS = 20kO) .....•.•....................... 
VOGR 
Continuous 
Drain Current 
TC = +2SoC 
...•..........••..................•................ 
10 
TC = + 100°C.. 
•. . •. •. . •. •. . •. •. •. •. •. •. . •. •. . •. •. . •. •. •. • •. .•. 
10 
Pulsed Drain Current. 
..•............•.......•..•••.•.......•.•... 
IOM 
Gate-Source 
Voltage 
..•............•....•.....•••...........•.. 
VGS 
Continuous 
Source Current 
..•.......•.........•..........•.•.•.•.... 
IS 
Pulse Source Current 
•......•....•.....•....••.................... 
ISM 
Maximum Power Dissipation 
TC = +2SoC (See Figure 14) ..•.••.•..•.•.•..•..•.•...••..•.•..•.. 
Po 
Above TC = +2S0C, Derate Linearly (See Figure 14) .................••• 
Inductive Current, Clamped 
......••.•....••....................... 
ILM 
(L= 
100~H) 
Operating 
and Storage Junction Temperature 
Range 
TJ, TSTG 
Maximum Lead Temperature 
for Soldering 
•........•.•............... 
TL 
(0.063" 
(1.6mm) from case for 10s) 


2N6802 


500" 
500" 


3.5" 
1.5" 
11" 
±20" 
2.5" 
11" 


25" 
0.20" 
11 


UNITS 


V 
V 


W 
WfOC 
A 


~ 
....•w 
w 
••.• 
zen 
ze:> 
<:::E 
::Ca: 
<.:ow 
';:I: 
ze:>c.. 


P.ameter 
Min. 
Typ. 
Max. 
Units 
Test 
Conditions 


BVOSS 
Drain . Source 
Breakdown 
Voltage 
500" 
- 
- 
V 
VGS 
- 
OV, 10 - 
0.25 mA 


VGSlthl 
Gete Threshold 
Voltage 
2.0" 
4.0" 
V 
VOS 
VGS, 10 
0.5 mA 


IGSS 
Gate - Source 
leakage 
Forward 
- 
- 
100" 
nA 
VGS 
- 
20V, VOS 
- 
OV 


IGSS 
Gate - Source 
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~ 
VOS 
- 
5OOV, VGS 
- 
OV 
- 
- 
1000" 
~ 
VOS 
- 
4OOV, VGS 
- 
OV, TC - 
125°C 


VOSlonl 
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25°C 


3.5" 
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Forward 
Transconductance 
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4.5" 
SIOI 
VOS 
5V,I0 
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Turn-On 
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ns 
VOO '" 225V, 
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ns 
See 
FIg. 15 
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Turn-Off 
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(MOSFET 
switching 
times are essentially independent 


II 
F.II TIme 
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ns 
of operating 
temperature.) 


SOA 
Safe Operating 
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- 
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FIg. 16. 
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versus pulse duration. 
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NOTES, 
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INPUT 


WAVEFORM, 
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• 30A, 50V 


• rDS(on) = 0.040 


• SOA is Power-Dissipation 
Limited 


• Nanosecond Switching Speeds 


• Linear Transfer Characteristics 


• High Input Impedance 


• Majority Carrier Device 


BUZ11 


N-Channel Enhancement-Mode 


Power Field-Effect Transistor 


TO-220AB 
TOP VIEW 


Description 


The BUZ11 is an n-channel 
enhancement-mode silicon-gate 
Terminal Diagram 
power field-effect 
transistor designed for applications such as 
switching regulators, switching converters, motor drivers, relay 
N-CHANNELENHANCEMENTMODE 
drivers, and drivers for high-power bipolar switching transistors 
requiring high speed and low gate-drive power. This type can be 
D 
operated directly from integrated circuits. 


The BUZ11 is supplied in the JEDEC TO-220AB plastic package. 
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. . . . . • . . . . . . . . . • . • . • . • . . . • . . . . . . • . . . . . . . .. 
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Drain-Gate 
Voltage (RGS = 20kO) 
VDGR 
Continuous 
Drain Current 
TC = +30oC 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 
10 
Pulsed Drain Current 
TC = +250C 
..••..•••.....••.................................• 
IDM 
Gate-Source 
Voltage 
.••....•••................................. 
VGS 
Maximum Power Dissipation 
TC = +250C 
............••...................................•. 
Po 
Operating 
and Storage Junction Temperature 
Range 
TJ' TSTG 
DIN Humidity Category - DIN 40040 
..........................•.•••... 


IEC Climatic Category - DIN IEC 68-1 ................•........•••••... 


BUZ11 


50 
50 


UNITS 


V 
V 


75 
-55to+150 
E 
55/150/56 


LIMITS 
CHARACTERISTIC 
TEST CONDITIONS 
UNITS 
MIN. 
TYP. 
MAX. 


Drain-Source 
Breakdown 
Voltage 
BVoss 
VGS= OV 
50 
- 
- 
10=0.25 
mA 
V 
Gate-Threshold 
Voltage 
VGSlthl 
Vos = VGS 
2.1 
3 
4 
10= 1 mA 


Zero-Gate 
Voltage Drain Current 
loss 
Tj=25°C 
- 
20 
250 
Tj=125°C 
- 
100 
1000 
pA 
Ves = 50 V, VGS= 0 V 


Gate-Source 
Leakage Current 
IGSS 
VGS= 20 V 
- 
10 
100 
nA 
Vos = OV 


Drain-Source 
On Resistance 
rCS(OOI 
VGs= 10V 
- 
0.03 
0.04 
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10= 15A 


Forward Transconductance 
g•• 
Vos = 25 V 
4.0 
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- 
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10=15A 


Input Capacitance 
GiSS 
VGS= 0 V 
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2000 


Output Capacitance 
.. 


Coso 
Vos = 25 V 
- 
750 
1100 
pF 


Reverse Transfer Capacitance 
C"", 
f=l 
MHz 
- 
250 
400 


Turn-On 
Time to" 
tdlonl 
Vcc=30V 
- 
30 
45 
(too= !o,o",+ t,) 
t, 
10=3A 
- 
70 
110 
ns 
Turn-Off 
Time toff 
!dlotfJ 
VGs= 10V 
- 
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230 
RGs=50n 
(toff= !o'off'+ t,) 
t, 
- 
130 
170 


Thermal 
Resistance, Junction-to-Case 
R8JC 
Sl.67 
°CIW 
Thermal 
Resistance, Junction-to-Ambient 
R6JA 
S75 
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CHARACTERISTIC 
TEST CONDITIONS 
MIN. 
TYP. 
MAX. 


Continuous 
Reverse Drain Current 
lOR 
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Pulsed Reverse Drain Current 
IORM 
- 
- 
120 


Diode Forward Voltage 
Vso 
IF= 2 X lOR 
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2.6 
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VGS= 0 V, T; = 25 DC 


Reverse Recovery Time 
t. 
T; = 25°C, IF= lOR 
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Fig. 1- Maximum 
safe operating 
areas for all types. 
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mHARRIS 


Features 


• 12A, 100V 


• rDS(on} = 0.20 


• SOA is Power-Dissipation 
Limited 


• Nanosecond 
Switching 
Speeds 


• Linear Transfer 
Characteristics 


• High Input Impedance 


• Majority Carrier Device 


Description 


The 
BUZ20 
is 
an 
n-channel 
enhancement-mode 
silicon-gate 
power field-effect 
transistor 
design'ed for applications 
such as 
sWitching 
regulators, switching 
converters, 
motor drivers, 
relay 
drivers, and drivers for high-power 
bipolar switching transistors 
requiring high speed and low gate-drive power. This type can be 
operated directly from integrated circuits. 


The BUZ20 is supplied in the JEDEC TO-220AB plastic package. 


BUZ20 


N-Channel Enhancement-Mode 


Power Field-Effect Transistor 


TO-220AB 
TOPVIEW 


Terminal Diagram 


N-CHANNEL 
ENHANCEMENT 
MODE 


Drain-SourceVoltage. . . . . . . .. . . . . . . .. . .. .. . . . .. . .. .. . .. .. . . . 
VDS 
Drain-GateVoltage(RGS= 20kOj 
VDGR 
ContinuousDrainCurrent 
TC = +300C 
...................•.•............................. 
10 
PulsedDrainCurrent 
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Gate-SourceVoijage 
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MaximumPowerDissipation 
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Po 
OperatingandStorageJunctionTemperatureRange 
TJ' TSTG 
DINHumidityCategory- DIN40040 
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IECClimaticCategory- DINIEC68-1 
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TEST CONDITIONS 
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TYP. 
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Zero-Gate 
Voltage Drain Current 
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safe operating 
areas for all types. 
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Fig. 3 - Normalized gate threshold voltage as a function 
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Features 


• 19A. 100V 


• rDS(on) = 0.1n 


• SOA is Power-Dissipation 
Limited 


• Nanosecond Switching Speeds 


• Linear Transfer Characteristics 


• High Input Impedance 


• Majority Carrier Device 


BUZ21 


N-Channel Enhancement-Mode 


Power Field-Effect Transistor 


TO-220AB 


TOP VIEW 
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Description 


The BUZ21 is an n-channel 
enhancement-mode silicon-gate 
Terminal Diagram 
power field-effect transistor designed for applications such as 
switching regulators, switching converters, motor drivers, relay 
N-CHANNEL 
ENHANCEMENT 
MODE 
drivers, and drivers for high-power bipolar switching transistors 
requiring high speed and low gate-drive power. This type can be 
0 
operated directly from integrated circuits. 


The BUZ21 is supplied in the JEDEC TO-220AB plastic package. 
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Figure 2 - Power vs temperature derating curve for all types. 
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Figure 6 - Typical output characteristics. 
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Figure 10 - Maximum drain current vs case temperature. 
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Figure 9 - Typical capacitance 
vs drain-to-source 
voltage. 
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Figure 11 - Typical source-drain 
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Features 


• 9.5A, 200V 


• rDS(on) 
= 0.40 


• SOA 
is Power-Dissipation 
Limited 


• Nanosecond 
Switching 
Speeds 


• Linear 
Transfer 
Characteristics 


• High 
Input 
Impedance 


• Majority 
Carrier 
Device 
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Description 


The 
BUZ32 
is 
an 
n-channel 
enhancement-mode 
silicon-gate 
Terminal Diagram 
power 
field-effect 
transistor 
designed 
for 
applications 
such 
as 
switching 
regulators, 
switching 
converters, 
motor 
drivers, 
relay 
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drivers, 
and 
drivers 
for 
high-power 
bipolar 
switching 
transistors 
requiring 
high 
speed 
and 
low 
gate-drive 
power. 
This type 
can 
be 
D 
operated 
directly 
from 
integrated 
circuits. 


The BUZ32 
is supplied 
in the JEDEC 
TO-220AB 
plastic 
package. 
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Figure 1- Maximum safe operating areas for all types. 
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Figure 2 - Power vs temperature derating curve for all types. 
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Figure 3 - Normalized gate threshold voltage as a function 
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temperature 
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Figure 5 - Typical transfer characteristics 
for all types. 
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Figure 6 - Typical output characteristics. 
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Figure 10 - Maximum drain current vs case temperature. 
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Figure 11 - Typical source-drain 
diode forward voltage. 
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Figure 12 - Maximum effective transient thermal impedance, 
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vs pulse duration 
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Figure 13 - Typical gate charge 
vs gate-to-source 
voltage. 
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• 11.5A, 400V 


• rDS(on) = 0.40 


• SOA is Power-Dissipation 
Limited 


• Nanosecond Switching Speeds 


• Linear Transfer Characteristics 


• High Input Impedance 


• Majority Carrier Device 
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Description 


The BUZ351 is an n-channel enhancement-mode silicon-gate 
Terminal Diagram 
power field-effect transistor designed for applications such as 
switching regulators, switching converters, motor drivers, relay 
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ENHANCEMENT 
MODE 
drivers, and drivers for high-power bipolar switching transistors 
requiring high speed and low gate-drive power. This type can be 
D 
operated directly from integrated circuits. 


The BUZ351 is supplied in the JEDECTO-218AC plastic package. 
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and Storage Junction Temperature 
Range 
TJ' TSTG 
DIN Humidity Category - DIN 40040 
......................•.•......... 


IEC Climatic Category- 
DIN IEC 68-1 
. 


BUZ351 


400 
400 


UNITS 


V 
V 


125 
-55to 
+150 
E 
55/150/56 


CHARACTERISTIC 
TEST CONDITIONS 
LIMITS 


MIN. 
TYP. 
MAX. 
UNITS 


Drain-Source 
Breakdown 
Voltage 
BVoss 
VGS= 0 V 
400 
- 
- 
10=0.25 
mA 
V 
Gate-Threshold 
Voltage 
VGSUhl 
Vos = VGS 
2.1 
3 
4 
10= 1 mA 


Zero-Gate 
Voltage Drain Current 
loss 
Tj=25°C 
- 
20 
250 
Tj = 125°C 
- 
100 
1000 
pA 
Vos = 400 V, VGS= 0 V 


Gate-Source 
Leakage Current 
IGss 
VGs=20V 
- 
10 
100 
nA 
Vos = 0 V 


Drain-Source 
On Resistance 
rOSconl 
VGs= 10V 
0.35 
0.4 
n 
10= 5.5 A 
- 


Forward Transconductance 
g•• 
Vos = 25 V 
3.3 
4.5 
S 
10= 5.5 A 
- 


Input Capacitance 
Gss 
VGS= 0 V 
- 
3.8 
4.9 
nF 


Output 
Capacitance 
Coos 
Vos = 25 V 
- 
300 
500 


Reverse Transfer Capacitance 
Cm 
f=1 
MHz 
- 
120 
200 
pF 


Turn-On Time ton 
'talonl 
Vcc = 30 V 
- 
50 
75 


(ton = tdronl + tr) 
t, 
10= 2.9 A 
- 
80 
120 
ns 
Turn-Off 
Time toff 
'tclrof1l 
VGs= 10V 
- 
330 
430 


(totf = 
tdlotfJ + tr) 
t, 
RGs=50n 
- 
110 
140 


Thermal 
Resistance, Junction-to-Case 
R8JC 
";1 
°CIW 


Thermal 
Resistance, Junction-to-Ambient 
R8JA 
";45 


LIMITS 
CHARACTERISTIC 
TEST CONDITIONS 
UNITS 
MIN. 
TYP. 
MAX. 


Continuous 
Reverse Drain Current 
lOR 
- 
- 
11.5 
A 
Tc=25°C 
Pulsed Reverse Drain Current 
lOAM 
- 
- 
46 


Diode Forward Voltage 
Vso 
IF= 2 X lOR 
- 
1.3 
1.7 
V 
VGS= 0 V, T; = 25°C 


Reverse Recovery Time 
t. 
T; = 25°C, IF= lOR 
- 
1 
- 
ns 


Reverse Recovered Charge 
aRR dlF/dt = 100 N/lS, 
VR= 100 V 
- 
10 
- 
pC 
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safe operating 
areas for all types. 
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mHARRIS 


• 4.5A, 500V 


• rDS(on) = 1.50 


• SOA is Power-Dissipation 
Limited 


• Nanosecond Switching Speeds 


• Linear Transfer Characteristics 


• High Input Impedance 


• Majority Carrier Device 


Description 


The BUZ41A is an n-channel 
enhancement-mode silicon-gate 
power field-effect 
transistor designed for applications such as 
switching 
regulators, switching converters. motor drivers, relay 
drivers. and drivers for high-power bipolar sWitching transistors 
requiring high speed and low gate-drive power. This type can be 
operated directly from integrated circuits. 


The BUZ41A is supplied in the JEDEC TO-220AB plastic package. 


BUZ41A 


N-Channel 
Enhancement-Mode 


Power Field-Effect 
Transistor 


TO-220AB 


TOP VIEW 


Terminal Diagram 


N-CHANNEL 
ENHANCEMENT 
MODE 


Drain-Source 
Voltage. 
. . . . • . . . . . . . . . . . . . . . . . . . . • . • . . . • . . . . . . . . .. 
VDS 
Drain-Gate 
Voltage (RGS = 20kO) ....•.......................... 
VDGR 
Continuous 
Drain Current 
TC = +350C 
. . . • • . . . . . . . . . . . . . . . . . . . . . . . . . . . . • • . . . . . . . • . . • . • • .• 
10 
Pulsed Drain Current 
TC = +250C 
.......................................•••••••.... 
IDM 
Gate-Source 
Voltage 
................................•.......... 
VGS 
Maximum Power Dissipation 
TC = +250C 
.....••.....•......•.••••..........••.•............ 
Po 
Operating 
and Storage Junction Temperature 
Range 
TJ. TSTG 
DIN Humidity Category - DIN 40040 
........•••.•..........•......•... 


IEC Climatic Category - DIN IEC 68-1 
. 


BUZ41A 


500 
500 


UNITS 


V 
V 


75 
-55to+150 
E 
55/150/56 


CHARACTERISTIC 
TEST CONDITIONS 
LIMITS 
UNITS 
MIN. 
TYP. 
MAX. 


Drain-Source 
Breakdown 
Voltage 
BVoss 
VGS= 0 V 
500 
- 
- 
10=0.25 
mA 
V 


Gate- Threshold 
Voltage 
VGSlthl 
Vos = VGS 
2.1 
3 
4 
~ 
10= 1 mA 


Zero-Gate 
Voltage Drain Current 
IDss 
Ti=25°C 
- 
20 
250 
T;=125°C 
- 
100 
1000 
pA 


Ves = 500 V. VGS= 0 V 


Gate-Source 
Leakage Current 
IGSS 
VGS= 20 V 
- 
10 
100 
nA 
Ves = 0 V 


Drain-Source 
On Resistance 
rOSlonl 
VGs=10V 
1.4 
1.5 
0 
10= 2.5 A 
- 


Forward Transconductance 
g•• 
Vos = 25 V 
1.5 
2.5 
S 
10= 2.5 A 
- 


Input Capacitance 
GiSS 
VGS=0 
V 
- 
1500 
2000 


Output Capacitance 
C"" 
Vos = 25 V 
- 
110 
170 
pF 


. 
f= 
1 MHz 
-- 
Reverse Transfer Capacitance 
C~ 
- 
40 
70 


Turn-On 
Time 10, 
ld'onl 
Vcc=30V 
- 
30 
45 
(t""=I,,,o,'+1,) 
t, 
10= 2.6 A 
- 
40 
60 
ns 


Turn-Off 
Time IoH 
tdloffl 
VGs=10V 
- 
110 
140 


(IoH = I,,'oH' + t,) 
t, 
RGS= 50 0 
- 
50 
65 


Thermal 
Resistance, Junction-to-Case 
R8JC 
~1.67 


I 
°CIW 
Thermal 
Resistance. Junction-to-Ambient 
RBJA 
~75 


LIMITS 
CHARACTERISTIC 
TEST CONDITIONS 
UNITS 
MIN. 
TYP. 
MAX. 


Continuous 
Reverse Drain Current 
lOR 
- 
- 
4.5 
A 
Tc=25°C 
Pulsed Reverse Drain Current 
IORM 
- 
- 
18 


Diode Forward Voltage 
Vso 
IF= 2 X lOR 
- 
1.1 
1.5 
V 
VGS= 0 V, T; = 25°C 


Reverse Recovery Time 
t. 
Ti = 25°C, IF= lOR 
- 
1200 
- 
ns 


Reverse Recovered Charge 
ORR dlF/dt = 100 AlIJS, VR= 100 V 
- 
6 
- 
pC 
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Fig. 1 - Maximum 
safe operating 
areas for all types. 
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Fig. 2 - Power vs. temperature derating curve for all types. 
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Fig. 4 - Normalized drain-to-source 
on resistance to junction 
temperature for all types. 


DRAIN-TO-SOURCE 
VOLTAGE (Vos) - 
V 


Fig. 6 - Typical output characteristics. 


T~~. 
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Fig. 5 - Typical transfer characteristics for all types. 
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Features 


• 4.0A, 500V 


• rDS(on) = 2.00 


• SOA is Power-Dissipation 
Limited 


• Nanosecond Switching Speeds 


• Linear Transfer Characteristics 


• High Input Impedance 


• Majority Carrier Device 


Description 


The BUZ42 is an n-channel 
enhancement-mode silicon-gate 
power field-effect 
transistor designed for applications such as 
switching 
regulators, switching converters, motor drivers, relay 
drivers, and drivers for high-power bipolar switching transistors 
requiring high speed and low gate-drive power. This type can be 
operated directly from integrated circuits. 


The BUZ42 is supplied in the JEDEC TO-220AB plastic package. 


BUZ42 


N-Channel Enhancement-Mode 


Power Field-Effect Transistor 


TO-220AB 
TOP VIEW 


Terminal Diagram 


N-CHANNEL 
ENHANCEMENT 
MODE 


Drain-Source Voltage •.......................................... 
VOS 
Drain-Gate Voltage (RGS = 20kOj 
VOGR 
Continuous Drain Current 
TC = +550C •.................................................. 
10 
Pulsed Drain Current 
TC = +250C 
..............................................•... 
IOM 
Single Pulse Avalanche Energy', EAS .......•........................... 
Gate-Source Voltage 
................................•.......... 
VGS 
Maximum Power Dissipation 
TC = +250C ...••....•.......•..........•...................... 
Po 
Operating and Storage Junction Temperature Range .......••••. 
TJ' TSTG 
DIN Humidity Category - DIN 40040 •.....••.•••......•..••••.•••..... 
IEC Climatic Category - DIN IEC 68-1 ....................••••..•••.... 


BUZ42 


500 
500 


UNITS 


V 
V 


75 
-55to+150 
E 
55/150/56 


LIMITS 


CHARACTERISTICS 
TEST CONDITIONS 
MIN. 
TYP. 
MAX. 
UNITS 


Drain-Source Breakdown Voltage 
BVDSS 
VGS=OV 
500 
- 
- 
ID=0.25mA 
V 
Gate-Threshold Voltage 
VGS(th) 
VDS=VGS 
2.1 
3 
4 
10=1 
mA 


Tj= 250C 
- 
20 
250 
Zero-Gate Voltage Drain Current 
lOSS 
Tj=1250C 
- 
100 
1000 
11A 
VDS= 500 V,VGS =OV 


Gate-Source Leakage Current 
IGSS 
VGS=20V 
- 
10 
100 
VDS=OV 
nA 


Drain-Source on Resistance 
rDS(on) 
VGS=10V 
- 
1.6 
2.0 
ID=2.5A 
0 


Forward Transconductance 
gfs 
VDS=25V 
1.5 
2.5 
- 
ID=2.5A 
S 


Input Capacitance 
Ciss 
VGS=OV 
- 
1500 
2000 


Output Capacitance 
Coos 
VDS=25V 
- 
110 
170 
pF 


Reverse Transfer Capacitance 
Crss 
f=1 
MHZ 
- 
40 
70 


Turn-On Time ton 
td(on) 
Vce=30V 
- 
30 
45 


(ton = td(on) + tr) 
tr 
ID=2.5A 
- 
40 
60 
ns 
Turn-Off Time toff 
td(off) 
VGS=10V 
- 
110 
140 


(toff = td(off) = tr) 
tr 
RGS=500 
- 
50 
65 


Thermal Resistance, Junction-to-Case 
RIlJC 
51.67 
°CIW 
Thermal Resistance, Junction-to-Ambient 
RIlJA 
~75 


LIMITS 


CHARACTERISTICS 
TEST CONDITIONS 
MIN. 
TYP. 
MAX. 
UNITS 


Continuous Reverse Drain Current 
lOR 
Tc=250C 
- 
- 
4.0 
A 
Pulsed Reverse Drain Current 
IDRM 
- 
- 
16 


Diode Forward Voltage 
VSD 
IF= 2x lOR 
- 
1.1 
1.5 
VGS =OV, Tj= 250C 
V 


Reverse Recovery Time 
trr 
Tj = 250C,IF = lOR 
- 
1200 
- 
ns 


Reverse Recovered Charge 
ORR 
dlF/dt= 
1ooN~s, VR = 100V 
- 
6.0 
- 
~C 
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Figure 2 - Power vs temperature derating curve for all types. 
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Figure 1- Maximum safe operating areas for all types. 
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Figure 3 - Normalized gate threshold voltage as a function 
of junction 
temperature 
for all types. 
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for all types. 


--j 
15=75W 
I 
I 
\(;s =20,OV 
I 


10,OV ~r/ 


16,5V 


8,OV 
rJ 
I 
7,5V 


7,011 
1/ 
,6,OV 


- 
:, 
'1' 
T 
5,5V 
r/ f, 
I 
1/ 
5,OV 
..... 
I 


~L 
4,5V 


,4,OV 
oo 
m 
W 
W 
M 


DRAIN-TO-SOURCE 
VOLTAGE 
(Vosl 
- 
V 
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Figure 10 - Maximum drain current vs case temperature, 
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Description 


The BUZ45 is an n-channel enhancement-mode silicon-gate 
Terminal Diagram 
power field-effect transistor designed for applications such as 
switching regulators, switching converters, motor drivers, relay 
N-CHANNELENHANCEMENTMODE 
drivers, and drivers for high-power bipolar switching transistors 
requiring high speed and low gate-drive power. This type can be 
0 
operated directly from integratedcircuits. 


The BUZ45 is supplied in the JEDECTO-204AA plastic package. 
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Features 


• S.3A, 500V 


• rDS(on) = O.SO 


• SOA is Power-Dissipation 
Limited 


• Nanosecond Switching Speeds 


• Linear Transfer Characteristics 


• High Input Impedance 


• Majority Carrier Device 


Description 


The BUZ45A is an n-channel enhancement-mode silicon-gate 
power field-effect 
transistor designed for applications such as 
sWitching regulators, switching converters, motor drivers, relay 
drivers, and drivers for high-power bipolar switching transistors 
requiring high speed and low gate-drive power. This type can be 
operated directly from integrated circuits. 


The BUZ45A is supplied in the JEDEC TO-204AA plastic package. 
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Description 


The 
BUZ45B 
is 
an 
n-channel 
enhancement-mode 
silicon-gate 
Terminal Diagram 
power 
field-effect 
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designed 
for 
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regulators, 
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converters, 
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relay 
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430 
(Ioff= t.loffl + t,) 
t, 
RGs=50n 
- 
110 
140 


Thermal 
Resistance, Junction-to-Case 
R8JC 
::;1 
°CIW 


Thermal 
Resistance, Junction-to-Ambient 
R8JA 
::; 35 


LIMITS 
CHARACTERISTIC 
TEST CONDITIONS 
UNITS 
MIN. 
TYP. 
MAX. 


Continuous 
Reverse Drain Current 
lOR 
- 
- 
10 
A 
Tc=25°C 
Pulsed Reverse Drain Current 
IORM 
- 
- 
40 


Diode Forward Voltage 
Vso 
IF= 2 X lOR 
- 
1.3 
1.7 
V 
VGS= 0 V, Tj = 25°C 


Reverse Recovery Time 
t. 
Tj = 25°C, IF= lOR 
- 
1200 
- 
ns 


Reverse Recovered Charge 
ORR dlF/dt = 100 NilS, VR= 100 V 
- 
12 
- 
IlC 
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safe operating 
areas for a/l types. 
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on resistance to junction 
temperature for all types. 
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Fig. 7 - Typical transconductance 
vs. drain current. 
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mHARRIS 


Features 


• 5.5A, 400V 


• rDS(on) = 1.0n 


• SOA is Power-Dissipation 
Limited 


• Nanosecond Switching Speeds 


• Linear Transfer Characteristics 


• High Input Impedance 


• Majority Carrier Device 


SUZ60 


N-Channel Enhancement-Mode 
Power Field-Effect Transistor 


TO-220AB 
TOP VIEW 


DRAIN~ 
(FLAL:~=~ 
~==_~==_'>~:~~~~CE 


Description 


The 
BUZ60 
is 
an 
n-channel 
enhancement-mode 
silicon-gate 
Terminal Diagram 
power 
field-effect 
transistor 
designed 
for 
applications 
such 
as 
switching 
regulators, 
switching 
converters, 
motor 
drivers, 
relay 
N-CHANNEL 
ENHANCEMENT 
MODE 


drivers, 
and 
drivers 
for 
high-power 
bipolar 
switching 
transistors 
requiring 
high 
speed 
and 
low 
gate-drive 
power. 
This 
type 
can 
be 
D 
operated 
directly 
from 
integrated 
circuits. 


The 
BUZ60 
is supplied 
in the JEDEC 
TO-220AB 
plastic 
package. 


Drain-Source 
Voltage. 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 
VDS 
Drain-Gate 
Voltage (RGS = 20kO) 
VDGR 
Continuous 
Drain Current 
TC = +350C 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 
10 
Pulsed Drain Current 
TC = +250C 
IDM 
Gate-Source 
Voltage 
VGS 
Maximum Power Dissipation 
TC = +250C 
Po 
Operating 
and Storage Junction Temperature 
Range 
TJ. TSTG 
DIN Humidity Category - DIN 40040 
. 
IEC Climatic Category - DIN IEC 68-1 
. 


BUZ60 


400 
400 


UNITS 


V 
V 


75 
-55to+150 
E 
55/150/56 


~ 
••• w 
w u.. 
z'" 
zO 
c:E 
:%:a: 
Uw 
':;t 
zo 
CL 


CHARACTERISTIC 
TEST CONDITIONS 
LIMITS 
UNITS 
MIN. 
TYP. 
MAX. 


Drain-Source 
Breakdown 
Voltage 
BVoss 
Ves = 0 V 
400 
- 
10=0.25 
mA 
- 


V 


Gate-Threshold 
Voltage 
VGSlthl 
Vos = VGS 
2.1 
3 
4 
10= 1 mA 


Zero-Gate 
Voltage Drain Current 
loss 
T,=25°C 
- 
20 
250 
Tj=125°C 
- 
100 
1000 
IJA 


Vos = 400 V. Ves = 0 V 


Gate-Source 
Leakage Current 
IGSS 
Ves = 20 V 
- 
10 
100 
nA 
Vos = 0 V 


Drain-Source 
On Resistance 
rOSlon) 
Ves= 
10V 
0.9 
1 
0 
10= 2.5 A 
- 


Forward Transconductance 
gts 
Vos = 25 V 
1.7 
2.5 
S 
10= 2.5 A 
- 


Input Capacitance 
Co. 
Ves = 0 V 
- 
1.5 
2 


Output Capacitance 
Coos 
Vos = 25 V 
- 
120 
180 
pF 


Reverse Transfer Capacitance 
C••• 
f= 
1 MHz 
- 
35 
60 


Turn-On 
Time t~ 
tdlonl 
Vcc = 30 V 
- 
30 
45 
(t~ = tdl~1+ tl) 
t, 
10=2.7A 
- 
40 
60 
Ves=10V 
ns 


Turn-Off 
Time toff 
td10ffl 
- 
110 
140 


(loff = loloffl+ t,) 
t, 
Res = 50 0 
- 
50 
65 


Thermal 
Resistance. Junction-to-Case 
R8JC 
~ 1.67 
°CIW 


Thermal 
Resistance, Junction-to-Ambient 
RBJA 
~75 


LIMITS 
UNITS 
CHARACTERISTIC 
TEST CONDITIONS 
MIN. 
TYP. 
MAX. 


Continuous 
Reverse Drain Current 
IDA 
- 
- 
5.5 
A 
Tc=25°C 
Pulsed Reverse Drain Current 
IORM 
- 
- 
22 


Diode Forward Voltage 
VSO 
IF= 2 X IDA 
- 
1.15 
1.6 
V 
VGS=OV, 
Tj=25°C 


Reverse Recovery Time 
t. 
T; = 25°C. IF= IDA 
- 
1000 
- 
ns 


Reverse Recovered Charge 
OAA dlF/dt = 100 A/IJS, VA= 100 V 
- 
5 
- 
IJC 
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Fig. 1 - Maximum 
safe operating 
areas for all types. 
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Fig. 2 - Power vs. temperature derating curve for all types. 
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Fig. 4 - Normalized drain-to-source 
on resistance to junction 
temperature for all types. 
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Fig. 6 - Typical output characteristics. 
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Fig. 3 - Normalized gate threshold voltage as a function 
of junction 
temperature for all types. 
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Fig. 5 - Typical transfer characteristics for all types. 
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Fig. 7 - Typical transconductance 
vs. drain current. 
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voltage. 
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m HARRIS 


• 4.5A, 400V 


• rDS(on) 
= 1.50 


• SOA 
is Power-Dissipation 
Limited 


• Nanosecond 
Switching 
Speeds 


• Linear 
Transfer 
Characteristics 


• High 
Input 
Impedance 


• Majority 
Carrier 
Device 


BUZ60B 


N-Channel Enhancement-Mode 
Power Field-Effect Transistor 


TO-220AB 
TOP VIEW 


DRAIN~ 
(FLA~GE) 
0 
~~~:~~I~CE 


L-+ 
-~=~>- 
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Description 


The 
BUZ60B 
is 
an 
n-channel 
enhancement-mode 
silicon-gate 
Terminal Diagram 
power 
field-effect 
transistor 
designed 
for 
applications 
such 
as 
sWitching 
regulators, 
switching 
converters, 
motor 
drivers, 
relay 
N-CHANNEL 
ENHANCEMENT 
MODE 


drivers, 
and 
drivers 
for 
high-power 
bipolar 
switching 
transistors 
requiring 
high 
speed 
and 
low 
gate-drive 
power. 
This 
type 
can 
be 
D 
operated 
directly 
from 
integrated 
circuits. 


The 
BUZ60B 
is supplied 
in the JEDEC 
TO-220AB 
plastic 
package. 


Drain-Source 
Voltage 
VDS 
Drain-Gate 
Voltage (RGS = 20k(1) 
VDGR 
Continuous 
Drain Current 
TC = +350C 
............................•...................... 
10 
Pulsed Drain Current 
TC = +250C 
IDM 
Gate-Source 
Voltage 
...........................•............... 
VGS 
Maximum Power Dissipation 
TC = +250C 
Po 
Operating 
and Storage Junction Temperature 
Range 
TJ. TSTG 
DIN Humidity Category- 
DIN 40040 
. 


IEC Climatic Category - DIN IEC 68-1 
. 


BUZBOB 


400 
400 


UNITS 


V 
V 


75 
-55to+150 
E 
55/150/56 


{!!. 
•.••w 
w u.. 
zen 
ZO 
ce~ 
::Ca: 
Uw'~ 
Zo 
a.. 


Drain-Source 
Breakdown 
Voltage 
BVoss 
Vos = 0 V 
400 
- 
- 
10=0.25 
mA 
V 


Gate- Threshold 
Voltage 
VGSUhl 
Ves = Vos 
2.1 
3 
4 
10= 1 mA 


Zero-Gate 
Voltage Drain Current 
loss 
Tj=25°C 
- 
20 
250 
Tj = 125°C 
- 
100 
1000 
pA 


Vos = 400 V, Vos=OV 


Gate-Source 
Leakage Current 
IGSS 
Vos = 20 V 
- 
10 
100 
nA 
Vos = 0 V 


Drain-Source 
On Resistance 
rOSlonl 
Vos=10V 
1.2 
1.5 
n 
10= 2.5 A 
- 


Forward Transconductance 
g•• 
Vos = 25 V 
1.7 
2.5 
S 
10= 2.5 A 
- 


Input Capacitance 
C••• 
Vos = 0 V 
- 
1.5 
2 


Output Capacitance 
Coos 
Ves = 25 V 
- 
120 
180 
pF 


Reverse Transfer Capacitance 
C"" 
f=1 
MHz 
- 
35 
80 


Turn-On 
Time Ion 
. 


lctlonl 
- 
30 
45 
Vcc=30V 
(Ion = !o'on' + t,) 
t, 
10=2.6A 
- 
40 
60 
ns 


Turn-Off 
Time loH 
ttloffl 
Vos=10V 
- 
110 
140 


(loH = !o,•• ! + t,) 
t, 
Ros=50n 
- 
50 
65 


Thermal 
Resistance, Junction-to-Case 
RDJC 
:S 1.67 
°CIW 
Thermal 
Resistance, Junction-to-Ambient 
RDJA 
:S 75 


LIMITS 
CHARACTERISTIC 
TEST CONDITIONS 
UNITS 
MIN. 
TYP. 
MAX. 


Continuous 
Reverse Drain Current 
lOR 
- 
1.7 
4.5 
A 
Tc = 25 DC 
Pulsed Reverse Drain Current 
IORM 
- 
- 
18 


Diode Forward Voltage 
VSO 
IF= 2 X lOR 
- 
1.15 
1.50 
V 
VGS= 0 V, Tj = 25 DC 


Reverse Recovery Time 
to 
Tj = 25DC, IF= lOR 
- 
1000 
- 
ns 


Reverse Recovered Charge 
ORR dlF/dt = 100 N!JS. VR= 100 V 
- 
5 
- 
pC 
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Fig. 1 - Maximum safe operating areas for all types. 
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Fig. 2 - Power vs. temperature derating curve for all types. 
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Fig. 4 - Normalized drain-to-source 
on resistance to junction 
temperature for all types. 
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Fig. 6 - Typical output characteristics. 


Fig. 3 - Normalized gate threshold voltage as a function 
of junction 
temperature for all types. 
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Fig. 5 - Typical transfer characteristics for all types. 
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Fig. 7 - Typical transconductance 
vs. drain current. 
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Fig. 8 - Typical on-resistahce 
vs. drain current. 
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Fig. 10 - Maximum 
drain current 
vs. case temperature. 
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Fig. 12 - Maximum 
effective transient thermal impedance, junction- 


to-case vs. pulse duration. 
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(IJ HARRIS 


• 14A, 50V 


• rDS(on) = 0.10 


• SOA is Power-Dissipation 
Limited 


• Nanosecond 
Switching 
Speeds 


• Linear Transfer 
Characteristics 


• High Input 
Impedance 


• Majority 
Carrier 
Device 


BUZ71 


N-Channel 
Enhancement-Mode 
Power Field-Effect 
Transistor 


TO-220AB 
TOP VIEW 


Description 


The 
BUZ71 
is 
an 
n-channel 
enhancement-mode 
silicon-gate 
Terminal Diagram 
power 
field-effect 
transistor 
designed 
for 
applications 
such 
as 
switching 
regulators, 
switching 
converters, 
motor 
drivers, 
relay 
N-CHANNEL ENHANCEMENT MODE 
drivers, 
and drivers 
for high-power 
bipolar 
switching 
transistors 
requiring 
high speed and low gate-drive 
power. This type can be 
D 
operated directly from integrated circuits. 


The BUZ71 is supplied in the JEDEC TO-220AB 
plastic package. 


Drain-SourceVoltage ................•.•........................ 
VDS 
Drain-GateVoltage(RGS= 20kO) 
" 
VDGR 
ContinuousDrainCurrent 
TC = +550C ......................•.•.......................... 
ID 
PulsedDrainCurrent 
TC= +250C 
IDM 
SinglePulseAvalancheEnergy', EAS.....................•........... 
Gate-SourceVoltage 
VGS 
MaximumPowerDissipation 
TC = +250C 
PD 
OperatingandStorageJunctionTemperatureRange 
TJ,TSTG 
DINHumidityCategory- DIN40040 
. 


IECClimaticCategory- DINIEC68-1 
. 


BUZ71 
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• 13A, 50V 


• rDS(on) = 0.120 


• SOA is Power-Dissipation 
Limited 


• Nanosecond Switching 
Speeds 


• Linear Transfer Characteristics 


• High Input Impedance 


• Majority Carrier Device 


Description 


The BUZ71A is an n-channel 
enhancement-mode silicon-gate 
power field-effect 
transistor designed for applications such as 
switching 
regulators, switching converters, motor drivers, relay 
drivers, and drivers for high-power bipolar switching transistors 
requiring high speed and low gate-drive power. This type can be 
operated directly from integrated circuits. 


The BUZ71A is supplied in the JEDEC TO-220AB plastic package. 
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Figure 1 - Maximum safe operating areas for all types. 
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Figure 2 - Power vs temperature derating curve for all types. 
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Figure 10 - Maximum drain current vs case temperature. 
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Fig. 2 - Power vs. temperature derating curve for all types. 
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;))HARRIS 


• 5.8A, 200V 


• rDS(on) = 0.60 


• SOA is Power-Dissipation 
Limited 


• Nanosecond Switching Speeds 


• Linear Transfer Characteristics 


• High Input Impedance 


• Majority Carrier Device 


Description 


The BUZ73A is an n-channel enhancement-mode silicon-gate 
power field-effect 
transistor designed for applications such as 
switching regulators, switching converters, motor drivers, relay 
drivers, and drivers for high-power bipolar switching transistors 
requiring high speed and low gate-drive power. This type can be 
operated directly from integrated circuits. 


The BUZ73A is supplied in the JEDEC TO-220AB plastic package. 
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N-Channel Enhancement-Mode 
Power Field-Effect Transistor 


TO-220AB 
TOP VIEW 


Description 


The BUZ76 is an 
n-channel 
enhancement-mode silicon-gate 
Terminal Diagram 
power field-effect 
transistor designed for applications such as 
switching regulators, switching converters, motor drivers, relay 
N-CHANNELENHANCEMENTMODE 
drivers, and drivers for high-power bipolar sWitching transistors 
requiring high speed and low gate-drive power. This type can be 
0 
operated directly from integrated circuits. 


The BUZ76 is supplied in the JEDEC TO-220AB plastic package. 
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Power Field-Effect Transistor 
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Description 


The BUZ76A is an n-channel enhancement-mode silicon-gate 
Terminal Diagram 
power field-effect transistor designed for applications such as 
switching regulators, switching converters, motor drivers, relay 
N-CHANNELENHANCEMENTMODE 
drivers, and drivers for high-power bipolar switching transistors 
requiring high speed and low gate-drive power. This type can be 
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operated directly from integrated circuits. 


The BUZ76A is supplied in the JEDECTO-220AB plastic package. 
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mHARRIS 


Features 


• 8.0A and 9.2A, 80V - 100V 


• rDS(on) = 0.270 and 0.360 


• SOA is Power-Dissipation 
Limited 


• Nanosecond Switching Speeds 


• Linear Transfer Characteristics 


• High Input Impedance 


• Majority Carrier Device 


IRF120, IRF121 
IRF122,IRF123 


N-Channel Enhancement-Mode 
Power Field-Effect Transistors 


TO-204AA 


BOTTOM 
VIEW 


DRAIN 
SOU~LANGE)o 
GATE 


Description 


The IRF120, IRF121, IRF122, and IRF123 are n-channel 
Terminal Diagram 
enhancement-modesilicon-gate power field-effect transistors 
designed for 
applications such as switching regulators, 
N-CHANNELENHANCEMENTMODE 
switching converters, motor drivers, relay drivers, and drivers 
for high-power bipolar switching transistors requiring high 
0 
speed and low gate-drive power.Thesetypes can be operated 
directly from integrated circuits. 


The IRF types are supplied in the JEDEC TO-204M 
steel 
package. 
G 


Drain-Source 
Voltage (1) ......................•••... 
VOS 
Drain-Gate 
Voltage (AGS = 20kO) (1) 
VOGA 
Continuous 
Drain Current 
TC = +250C 
••..••••............................... 
10 
TC = + 100°C. 
. • • . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . .. 
10 
Pulsed Drain Current (3) .•....•••.....•••.....•.••.••. 
10M 
Gate-Source 
Voltage 
..••....•••.................... 
VGS 
Maximum Power Dissipation 
TC = +250C 
.........•..........••.....•••......... 
Po 
Unear Derating Factor .....................••••......•••• 
Inductive Current, Clamped 
••......................... 
ILM 
(See Figures 14 and 15, L = 100IlH) 
Operating 
and Storage Junction 
TJ, TSTG 
Temperature 
Range 


Maximum Lead Temperature 
for Soldering 
..............• 
TL 


(O.063" (1.6mm) from case for 10s) 


NOTES: 


1. TJ = +2SoC to +1S00C. 


2. Pulse Test: 
Pulse width S 300JlS, Duty Cycle S 2%. 


3. Repetitive 
Rating: Pulse width limited by maximum 
junction 
temperature. 
see Transient 
Thermal 
Impedance 
Curve (Figure 5). 
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LIMITS 


CHARACTERISTIC 
SYMBOL 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Drain-Source 
Breakdown 
Voltage 
BVOSS 
VGS = OV,ID = -2501JA 
IRF120,IRF122 
100 
- 
- 
V 


IRF121,IRF123 
80 
- 
- 
V 


Gate Threshold Voltage 
VGSfTH) 
VOS = VGS, 10 = -250~A 
2.0 
- 
4.0 
V 


Gate-Source 
Leakage Forward 
IGSS 
VGS-20V 
- 
100 
nA 


Gate-Source 
Leakage Reverse 
IGSS 
VGS--20V 
- 
100 
nA 


Zero Gate Voltage Drain Current 
lOSS 
VOS - Max Rating, VGS - OV 
- 
- 
250 
~A 


VOS - Max Rating x 0.8, VGS - OV, 
- 
- 
1000 
IJA 
TJ = +1500C 


On-State 
Drain Current (Note 2) 
10(ON) 
VOS> 
10(ON) xrDS(ON) 
Max, VGS-10V 
IRF120,IRF121 
9.2 
- 
- 
A 


IRF122,IRF123 
8.0 
- 
- 
A 


Static Drain-Source 
On-State 
rOS(ON) 
VGS -10V,IO 
- 5.6A 
Resistance (Note 2) 
IRF120,IRF121 
- 
0.25 
0.27 
0 


IRF122.IRF123 
- 
0.27 
0.36 
0 


Forward Transconductance 
(Note 2) 
gts 
VOS> 
lorONl 
x rOSIONl Max,IO - 5.6A 
2.9 
4.0 
- 
S(m 


Input Capacitance 
CISS 
VGS - OV,VOS - 25V, f - 1.0MHz 
- 
350 
- 
pF 


Output Capacitance 
COSS 
See Figure 10 
- 
130 
- 
pF 


Reverse Transfer Capacitance 
CRSS 
- 
36 
- 
pF 


Turn-On 
Delay Time 
tdlONl 
VOO - 50V, 10 -9.2A,rd 
- 5.10, 
RG -180 
- 
8.8 
13 
ns 


RiseTime 
tr 
See Figure 16. (MOSFET switching 
times 
- 
30 
45 
ns 


Turn-Off 
Delay Time 
!dIOFFl 
are essentially independent 
of operating 
- 
19 
29 
ns 
temperature) 
Fall Time 
tf 
- 
20 
30 
ns 


Total Gate Charge 
Qg 
VGS = 1OV,IO = 5.6A, VOS = 0.8 Max 
- 
9.7 
15 
nC 
(Gate-Source 
+ Gate-Drain) 
Rating. See Figure 17 for test circuit 


Gate-Source 
Charge 
Qas 
(Gate charge is essentially independent 
of 
- 
2.2 
- 
nC 


Gate-Drain 
("Miller") 
Charge 
Qad 
operating temperature.) 
- 
2.3 
- 
nC 


Internal Drain Inductance 
LO 
Measured between 
Modified MOSFET 
- 
5.0 
- 
nH 
the contact screw on 
symbol showing the 
header that is closer 
internal device 
to source and gate 
'=@ 


pins and center of 
die. 
Lo 
Internal Source Inductance 
LS 
Measured from the 
- 
12.5 
- 
nH 
source lead, 6mm 
G 


(0.25") from header 
LS 
and source bonding 
pad. 
S 


Junction-ta-Case 
ROJC 
- 
- 
2.5 
°C/W 
Case-to-Sink 
ROCS 
Mounting surface flat, smooth and greased 
- 
0.1 
- 
°C/W 
Junction-ta-Ambient 
ROJA 
Free air operation 
- 
- 
30 
°C/W 


Continuous 
Source Current 
IS 
Modified MOSFET 


~ 


- 
- 
8.0 
A 
(Body Diode) 
symbol showing the 


Pulse Source Current 
ISM 
integral reverse 
- 
- 
32 
A 
(Body Diode) (Note 3) 
P-N junco rectifier. 


Diode Forward Voltage (Note 2) 
VSO 
TC = +250C,IS 
= 9.2A, VGS = OV 
- 
- 
2.5 
V 


Reverse Recovery Time 
trr 
TJ - +250C, 
IF- 
9.2A,dIF/dt 
-100N~s 
55 
110 
240 
ns 


Reverse Recovered 
Charge 
QRR 
TJ - +250C,IF 
- 9.2A,dIF/dt-100N~s 
0.25 
0.53 
1.10 
~C 
Forward Turn-on 
Time 
tON 
Intrinsic turn-on time is negligible. Turn-on 
- 
- 
- 
- 


speed is substantially 
controlled 
by LS + LO. 


NOTES: 
1. TJ = +2SoC to +1S00C 
2. Pulse Test: Pulse width :> 300~s, Duty Cycle:> 
2%. 
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'RF130/131/132/133 


'RF130R/131R/132R/133R 


N-Channel Power MOSFETs 


Avalanche Energy Rated* 


Features 


• 12A 
and 
14A, 
80V 
- 100V 


• rOS(on) 
= 0.160 
and 
0.230 


• Single 
Pulse 
Avalanche 
Energy 
Rated* 


• SOA 
is Power-Oissipation 
Limited 


• Nanosecond 
SWitching 
Speeds 


• Linear 
Transfer 
Characteristics 


DRAIN 
SOU~LANGE)o 
GATE 


Description 


The 
IRF130, 
IRF131, 
IRF132, 
and 
IRF133 
are 
n-channel 


enhancement-mode 
silicon-gate 
power 
field-effect 
transis- 
tors. 
IRF130R, 
IRF131 
R, 
IRF132R, 
and 
IRF133R 
types 
are 
advanced 
power 
MOSFETs 
designed, 
tested, 
and 
guaranteed 
to 
withstand 
a 
specified 
level 
of 
energy 
in the 
breakdown 
avalanche 
mode 
of operation. 
All of these 
power 
MOSFETs 
are 
designed 
for 
applications 
such 
as 
switching 
regulators, 


switching 
converters, 
motor 
drivers, 
relay 
drivers, 
and 
drivers 


for 
high-power 
bipolar 
switching 
transistors 
requiring 
high 
speed 
and 
low gate-drive 
power. 
These 
types 
can be operated 
directly 
from 
integrated 
circuits. 


The 
IRF 
types 
are 
supplied 
in the 
JEDEC 
TO-204AA 
steel 
package. 


Terminal Diagram 


N-CHANNEL 
ENHANCEMENT 
MODE 


IRF130 
IRF131 
IRF132 
IRF133 


IRF130R 
IRF131R 
IRF132R 
IRF133R 


Drain-Source 
Voltage (1) ............................ 
VDS 
100 
80 
100 
80 
Drain-Gate 
Voltage (RGS = 20kO) (1) ................ 
VDGR 
100 
80 
10 
80 


Continuous 
Drain Current 
TC = +250C 
....................................... 
'0 
14 
14 
12 
12 


TC = +1000C 
...................................... 
ID 
9.9 
9.9 
8.3 
8.3 


Pulsed Drain Current (3) .............................. 
10M 
56 
56 
48 
48 


Gate-Source 
Voltage 
............................... 
VGS 
±20 
±20 
±20 
±20 


Maximum Power Dissipation 
........................... 
Po 
79 
79 
79 
79 


Linear Derating Factor ................................... 
0.53 
0.53 
0.53 
0.53 


Inductive Current, Clamped 
........................... 
ILM 
56 
56 
48 
48 


(See Figure 14, L = 1OO~H) 
Single Pulse Avalanche 
Energy Rating (4) .............. 
Eas' 
50 
50 
50 
50 
Operating 
and Storage Junction 
.................. 
TJ' TSTG 
-55to+175 
-55 to +175 
-55to+175 
-55to+175 
Temperature 
Range 
Maximum Lead Temperature 
for Soldering 
............... 
TL 
300 
300 
300 
300 
(0.063" 
(1.6mm) from case for 10s) 


NOTES: 


1. TJ = +250C 
to +1500C. 


2. Pulse Test: Pulse width :S 300~s. Duty Cycle :S.2%. 


3. Repetilive Rating: Pulse 
width limited by max junction temp. See 
Transient Thermal 
Impedance 
Curve (Figure 5). 


• 
R Suffix Types Only 


UNITS 


V 
V 


A 


A 


A 
V 
W 
WloC 
A 


LIMITS 


CHARACTERISTIC 
SYMBOL 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Orain-Source 
Breakdown 
Voltage 
BVOSS 
VGS = OV,10 = 250pA 
IRF130/132,IRF130R/132R 
100 
- 
- 
V 


IRF131/133, 
IRF131 R/133R 
80 
- 
- 
V 


Gate Threshold Voltage 
VGSITHI 
VOS - VGS, 10 - 250~A 
2.0 
- 
4.0 
V 


Gate-Source 
Leakage Forward 
IGSS 
VGS-20V 
- 
- 
100 
nA 


Gate-Source 
Leakage Reverse 
IGSS 
VGS--20V 
- 
- 
-100 
nA 


Zero Gate Voltage Orain Current 
lOSS 
VOS = Max Rating, VGS - OV 
- 
- 
250 
~A 


VOS = Max Rating x 0.8, VGS - OV, 
- 
- 
1000 
~A 
TJ=+1250C 


On-State 
Orain Current (Note 2) 
10(ON) 
VOS> 
10(ON) x rOS(ON) Max, VGS = 10V 
IRF130/131, 
IRF130R/131 
R 
14 
- 
- 
A 


IRF132/133,IRF132R/133R 
12 
- 
- 
A 


Static Orain-Source 
On-State 
rOS(ON) 
VGS = 1OV,10 = 8.3A 
Resistance (Note 2) 
IRF130/131,IRF130R/131R 
- 
0.12 
0.16 
0 


IRF132/133,IRF132R/133R 
- 
0.16 
0.23 
0 


Forward Transconductance 
(Note 2) 
gts 
VOS> 
50V, 10 = 8.3A 
4.6 
6.9 
- 
S«(1) 


Input Capacitance 
CISS 
VGS = OV,VOS = 25V, f = 1.0MHz 
- 
600 
- 
pF 


Output Capacitance 
COSS 
See Figure 10 
- 
300 
- 
pF 


Reverse Transfer Capacitance 
CRSS 
- 
100 
- 
pF 


Turn-On 
OeiayTime 
tdrON\ 
VOO - 50V, 10 -14A, 
RG -120 
- 
- 
30 
ns 


RiseTime 
tr 
See Figure 16. (MOSFET switching 
times 
- 
- 
75 
ns 


Turn-Off 
Oelay Time 
!droFF\ 
are essentially independent 
of operating 
- 
- 
40 
temperature) 
ns 


Fall Time 
tf 
- 
- 
45 
ns 


Total Gate Charge 
Qg 
VGS - 1OV,10 - 14A, VOS - 0.8 Max 
- 
18 
26 
nC 
(Gate-Source 
+ Gate-Orain) 
Rating. See Figure 17 for test circuit 


Gate-Source 
Charge 
Qos 
(Gate charge is essentially independent 
of 
- 
5.5 
- 
nC 


Gate-Drain 
("Miller") 
Charge 
Qad 
operating temperature.) 
11 
- 
nC 
- 


Internal Drain Inductance 
LO 
Measured between 
Modified MOSFET 
- 
5.0 
- 
nH 
the contact screw on 
symbol showing the 
header that is closer 
internal device 
to source and gate 
inductances. 


pins and center of 


~ 


center of die. 


Internal Source Inductance 
LS 
Measured from the 
- 
12.5 
- 
nH 
source lead, 6mm 
G 
I 
(0.25") from header 
LS 
and source bonding 
pad. 
S 
Junction-to-Case 
ROJC 
- 
- 
1.9 
°CIW 
Case-to-Sink 
ROCS 
Mounting surface flat, smooth and greased 
- 
0.1 
- 
°CIW 
Junction-to-Ambient 
ROJA 
Free air operation 
- 
- 
30 
°CIW 


Continuous 
Source Current 
IS 
Modified MOSFET 


~ 


- 
- 
14 
A 
(Body Diode) 
symbol showing the 


Pulse Source Current 
ISM 
integral reverse 
- 
- 
56 
A 
(Body Diode) (Note 3) 
P-N junco rectifier. 


Oiode Forward Voltage (Note 2) 
VSO 
TJ = +250C, IS = 14A, VGS = OV 
- 
- 
2.5 
V 
Reverse Recovery Time 
trr 
TJ - +250C, IF - 14A, dlF/dt - 1OON~s 
55 
120 
250 
ns 


Reverse Recovered 
Charge 
QRR 
TJ - +250C, IF - 5.5A, dIF/dt-100N~s 
0.26 
0.58 
1.3 
~C 
Forward Turn-on 
Time 
tON 
Intrinsic turn-on 
time is negligible. Turn-on 
- 
- 
- 
- 
speed is substantially 
controlled 
by LS + LO. 


NOTES: 1. TJ = +250C to +1500C 
2. Pulse Test: 
Pulse width .s 300~s. 
Duty Cycle 
:0::. 2% 


3. Repetitive Rating: 
Pulse width limited by max. 


junction 
temperature. 
See Transient 
Thermal 
Impedance 
Curve (Figure 5) 
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(I) HARRIS 
'RF140/141/142/143 


'RF140R/141R/142R/143R 


N-Channel Power MOSFETs 


Avalanche Energy Rated* 


• 28A and 25A, 80V - 100V 


• rDS(on) = 0.0770 
and 0.100 


• Single Pulse Avalanche Energy Rated* 


• SOA is Power-Dissipation 
Limited 


• Nanosecond Switching Speeds 


• Linear Transfer Characteristics 


• High Input Impedance 


DRAIN 


SOU~LANGE)o 
GATE 


Description 


The JRF140, IRF141, IRF142, and IRF143 are n-channel 
enhancement-mode silicon-gate power field-effect transis' 
tors. IRF140R, JRF141R, IRF142R, and IRF143R types are 
advanced power MOSFETs designed, tested, and guaranteed 
to withstand a specified level of energy in the breakdown 
avalanche mode of operation. All of these power MOSFETsare 
designed for 
applications 
such 
as switching 
regulators, 


switching converters, motor drivers, relay drivers, and drivers 
for high-power 
bipolar switching transistors requiring high 
speed and low gate-drive power. Thesetypes can be operated 
directly from integrated circuits. 


The JRFtypes are supplied in the JEDEC TO-204AE steel 
package. 


Terminal Diagram 


N-CHANNEL 
ENHANCEMENT 
MODE 


Drain-Source Voltage (1) . . .. . . . . . .. . . . . . . . • . .. . . . . .. 
VOS 
Drain-Gate Voltage (RGS = 20kO) (1) •.........••..•. 
VOGR 
Continuous Drain Current 
TC = +250C 
........•...•.......•••.......•••...•.. 
10 
TC = + 1OOoC.. .. . .. .. . .. .. • .. .. .. . . .. .. .. .. .. .. ... 
'0 
Pulsed Drain Current (3) ....•........•................ 
IDM 
Gate-SourceVoltage 
.••.......•..••..••.....•..•..• 
VGS 
Maximum Power Dissipation 
Po 
Unear Derating Factor ••....•........•................... 
Inductive Current, Clamped .........••......•..•...... 
ILM 


(See Figure 14, L = 100IlH) 
Single Pulse Avalanche Energy Rating (4) ....••..•..... 
Eas' 
Operating and Storage Junction ................•. 
TJ, TSTG 
Temperature Range 
Maximum Lead Temperature for Soldering 
TL 
(0.063" (1.6mm) from case for 10s) 


IRF140 
IRF141 
IRF142 
IRF143 
JRF140R 
IRF141R 
IRF142R 
JRF143R 


100 
80 
100 
80 
100 
80 
100 
80 


28 
28 
25 
25 
20 
20 
17 
17 
110 
110 
100 
100 
±20 
±20 
±20 
±20 
150 
150 
150 
150 
1.0 
1.0 
1.0 
1.0 
108 
108 
96 
96 


100 
100 
100 
100 
-55to+175 
-55 to +175 
-55 to +175 
-55 to +175 


300 
300 
300 
300 


NOTES: 


1. TJ = +250c 
to +1500C. 


2. Pulse Test: 
Pulse width.:S 300~s, Duty Cycle .:S.2%. 


3. Repetitive 
Rating: Pulse 
width 
limited 
by 
Max 
junction 
temp. 
See 
Transient 
Thermal 
Impedance 
Curve (Figure 5). 


• 
R Suffix Types Only 


4. VDD = 
25V, 
starting 
TJ = 
+250C, 
L 
IpEAK = 28A. See Figure 15. 


UNITS 


V 
V 


A 
A 


A 
V 
W 
W/oC 
A 


~ 
~w 
w 
~ 
zen 
ZO 
<:IE 
xa: 
Co:Iw 
';= 
Zo 
a.. 


UMITS 


CHARACTERISTIC 
SYMBOL 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Drain-Source 
Breakdown 
Voltage 
BVOSS 
VGS = OV, 10 = 250J,lA 
IRF140/142,IRF140R/142R 
100 
- 
- 
V 


IRF141/143,IRF141 
R/143R 
80 
- 
- 
V 


Gate Threshold Voltage 
VGSfTHI 
VOS - VGS, 10 - 250J,lA 
2.0 
- 
4.0 
V 


Gate-Source 
Leakage Forward 
IGSS 
VGS-20V 
- 
- 
100 
nA 


Gate-Source 
Leakage Reverse 
IGSS 
VGS--20V 
- 
-100 
nA 


Zero Gate Voltage Drain Current 
lOSS 
VOS - Max Rating, VGS - OV 
- 
- 
250 
IIA 


VOS - Max Rating x 0.8, VGS - OV, 
- 
- 
1000 
IIA 
TJ=+1250C 


On-State 
Drain Current (Note 2) 
10(ON) 
VOS> 
10(ON) x rOS(ON) Max, VGS - 10V 
IRF140/141,IRF140R/141 
R 
28 
- 
- 
A 


IRF142/143,IRF142R/143R 
25 
- 
- 
A 


Static Drain-Source 
On-State 
rOS(ON) 
VGS = 10V,I0 
= 17A 
Resistance (Note 2) 
IRF140/141,IRF140R/141 
R 
- 
0.07 
0.077 
0 


IRF142/143,IRF142R/143R 
- 
0.09 
0.100 
0 


Forward Transconductance 
(Note 2) 
gts 
VOS> 
50V,I0 
= 17A 
8.7 
13 
- 
Sm) 


Input Capacitance 
CISS 
VGS = OV,VOS = 25V, f = 1.0MHz 
- 
1275 
- 
pF 


Output Capacitance 
COSS 
See Figure 10 
- 
550 
- 
pF 


Reverse Transfer Capacitance 
CRSS 
- 
160 
- 
pF 


Turn-On 
OelayTime 
!dIONI 
VOO - 50V, 10 - 28A,RG 
-9.10 
- 
16 
23 
ns 


Rise Time 
tr 
See Figure 16. (MOSFET switching 
times 
- 
27 
110 
ns 


Turn-Off 
Delay Time 
!dIOFFl 
are essentially independent 
of operating 
- 
38 
60 
temperature) 
ns 


Fall Time 
tf 
- 
14 
75 
ns 


Total Gate Charge 
Og 
VGS -10V,10 
- 28A, VOS -0.8 
Max 
- 
38 
59 
nC 
(Gate-Source 
+ Gate-Drain) 
Rating. See Figure 17 for test circuit 


Gate-Source 
Charge 
Oas 
(Gate charge is essentially independent 
of 
- 
9 
- 
nC 


Gate-Drain 
("Miller") 
Charge 
°ad 
operating temperature.) 
- 
21 
- 
nC 


Internal Drain Inductance 
LO 
Measured between 
Modified MOSFET 
- 
5.0 
- 
nH 
the contact screw on 
symbol showing the 
header that is closer 
internal device 
to source and gate 
inductances. 


pins and center af 


~ 


center of die. 


Internal Source Inductance 
LS 
Measured from the 
- 
12.5 
- 
nH 
source lead, 6mm 
(0.25") from header 
LS 
and source bonding 
pad. 
S 
Junction-to-Case 
R9JC 
- 
- 
1.0 
oC/W 


Case-to-Sink 
Racs 
Mounting surface flat, smooth and greased 
- 
0.1 
- 
oC/W 
Junction-to-Ambient 
RaJA 
Free air operation 
- 
- 
30 
°C/W 


Cantinuous 
Source Current 
IS 
Modified MOSFET 


~ 


- 
- 
28 
A 
(Body Diode) 
symbol shawing the 
Pulse Source Current 
ISM 
integral reverse 
- 
- 
110 
A 
(Body Diode) (Note 3) 
P-N junco rectifier. 


Diode Forward Valtage (Note 2) 
VSO 
TJ - +250C,IS 
- 28A, VGS = OV 
- 
- 
2.5 
V 
Reverse Recovery Time 
trr 
TJ 
+250C, IF - 28A, dlF/dt - 100Allls 
70 
150 
300 
ns 
Reverse Recavered 
Charge 
°RR 
TJ 
+250C,IF 
- 5.5A, dlF/dt - 100Allls 
0.44 
0.9 
1.9 
IIC 
Farward Turn-on 
Time 
tON 
Intrinsic turn-on time is negligible. Turn-on 
- 
- 
- 
- 
speed is substantially 
controlled 
by LS + LO' 


NOTES: 1. TJ = +250C to +1500c 
2. Pulse Test: 
Pulse width < 300IlS, 
Duty Cycle ::f 2% 


3. Repetitive Rating: 
Pulse width limited by max. 
junction 
temperature. 
See Transient 
Thermal 
Impedance 
Curve (Figure 5) 
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mHARRIS 
'RF150/151/152/153 


'RF150R/151R/152R/153R 


N-Channel Power MOSFETs 


Avalanche Energy Rated* 


Features 


• 33A 
and 
40A, 
60V 
- 100V 


• rDS(on) 
= 0.0550 
and o.oao 


• Single 
Pulse 
Avalanche 
Energy 
Rated· 


• SOA 
is Power-Dissipation 
Limited 


• Nanosecond 
Switching 
Speeds 


• Linear 
Transfer 
Characteristics 


• High 
Input 
Impedance 


DRAIN 
SOU~LANGE)o 
GATE 


Description 


The 
IRF150, 
IRF151, 
IRF152, 
and 
IRF153 
are 
n-channel 
enhancement-mode 
silicon-gate 
power 
field-effect 
transis· 
tors. 
IRF150R, 
IRF151 
R, IRF152R, 
and 
IRF153R 
types 
are 


advanced 
power 
MOSFETs 
designed, 
tested, 
and 
guaranteed 
to 
withstand 
a 
specified 
level 
of 
energy 
in 
the 
breakdown 
avalanche 
mode 
of operation. 
All of these 
power 
MOSFETs 
are 
designed 
for 
applications 
such 
as 
switching 
regulators, 
switching 
converters, 
motor 
drivers, 
relay 
drivers, 
and 
drivers 
for 
high-power 
bipolar 
switching 
transistors 
requiring 
high 
speed 
and low gate-drive 
power. 
These 
types 
can be operated 
directly 
from 
integrated 
circuits. 


The 
IRF 
types 
are 
supplied 
in the 
JEDEC 
TO-204AE 
steel 
package. 


Terminal Diagram 


N-CHANNEL 
ENHANCEMENT 
MODE 


Absolute Maximum Ratings (TC = +250Cl, 
Unless 
Otherwise 
Specified 


IRF150 
IRF151 
IRF152 
IRF153 


IRF150R 
IRF151R 
IRF152R 
IRF153R 
UNITS 


Drain-Source 
Voltage (1) ............................ 
VOS 
100 
60 
100 
60 
V 
Drain-Gate 
Voltage (RGS = 20kO) (1) ................ 
VOGR 
100 
60 
10 
60 
V 
Continuous 
Drain Current 
TC = +250C 
....................................... 
10 
40 
40 
33 
33 
A 
TC = +1 OOoC ...................................... 
10 
25 
25 
20 
20 
A 
Pulsed Drain Current (3) .............................. 
10M 
160 
160 
132 
132 
A 
Gate-Source 
Voltage 
............................... 
VGS 
±20 
±20 
±20 
±20 
V 
Maximum Power Dissipation 
(See Fig. 14) ............... 
Po 
150 
150 
150 
150 
W 
Linear Derating Factor ................................... 
1.2 
1.2 
1.2 
1.2 
WloC 
Inductive Current, Clamped 
........................... 
ILM 
160 
160 
132 
132 
A 
(See Figure 14, L = 1OO~H) 
Single Pulse Avalanche 
Energy Rating (4) .............. 
Eas' 
150 
150 
150 
150 
mJ 


Operating 
and Storage Junction 
.................. 
TJ, TSTG 
-55to+150 
-55to 
+150 
-55 to +150 
-55to 
+150 
°c 
Temperature 
Range 
Maximum Lead Temperature 
for Soldering 
............... 
TL 
300 
300 
300 
300 
°c 
(0.063" 
(1.6mm) from case for 10s) 


NOTES: 


1. TJ = +250C 
to +1500C. 


2. Pulse Test: 
Pulse width ~ 300~s. Duty Cycle ~ 2%. 


3. Repet~ive 
Rating: 
Pulse 
width 
limited 
by 
max 
junction 
temp. 
See 
Transient Thermal 
Impedance 
Curve (Figure 5). 


• 
R Suffix Types Only 


4. VDD = 
10V. 
starting 
TJ = 
+250C. 
L 
IpEAK = 40A. See Figure 15. 


UMITS 


CHARACTERISTIC 
SYMBOL 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Drain-Source 
Breakdown 
Voltage 
BVOSS 
VGS = OV,IO = 2501JA 
IRF150/152,IRF150R/152R 
100 
- 
- 
V 


IRF151/153,IRF151 
R/153R 
60 
- 
- 
V 


Gate Threshold Voltage 
VGSfTHI 
VOS - VGS, 10 - 25011A 
2.0 
- 
4.0 
V 


Gate-Source 
Leakage Forward 
IGSS 
VGS-20V 
- 
- 
100 
nA 


Gate-Source 
Leakage Reverse 
IGSS 
VGS--20V 
- 
- 
-100 
nA 


Zero Gate Voltage Drain Current 
lOSS 
VOS - Max Rating, VGS - OV 
- 
- 
250 
IIA 


VOS = Max Rating x 0.8, VGS = OV, 
- 
- 
1000 
IIA 
TJ=+1250C 


On-State 
Drain Current (Note 2) 
10(ON} 
VOS> 
10(ON) x rOS(ON} Max, VGS - 10V 
IRF150/151,IRF150R/151 
R 
40 
- 
- 
A 


IRF152/153,IRF152R/153R 
33 
- 
- 
A 


Static Drain-Source 
On-State 
rOS(ON} 
VGS -10V,10 
- 20A 
Resistance (Note 2) 
IRF150/151,IRF150R/151 
R 
- 
0.045 
0.055 
0 


IRF152/153,IRF152R/153R 
- 
0.06 
0.08 
0 


Forward Transconductance 
(Note 2) 
9fs 
VOS> 
10lONl x rOSION) Max, 10 - 20A 
9.0 
11 
- 
S(Ul 


Input Capacitance 
CISS 
VGS = OV,VOS = 25V, f = 1.0MHz 
- 
2000 
- 
pF 


Output Capacitance 
COSS 
See Figure 10 
- 
1000 
- 
pF 


Reverse Transfer Capacitance 
CRSS 
350 
- 
pF 


Turn-On 
OelayTime 
tdlONI 
VOO '" 24V,I0 
- 20A, Zo - 4.70 
- 
- 
35 
ns 


Rise Time 
tr 
See Figure 16. (MOSFET switching 
times 
- 
- 
100 
ns 


Turn-Off 
Delay Time 
ldlOFFI 
are essentially independent 
of operating 
- 
- 
125 
ns 
temperature) 
Fall Time 
tf 
- 
- 
100 
ns 


Total Gate Charge 
Og 
VGS - 1OV,IO - 50A, VOS - 0.8 Max 
- 
63 
120 
nC 
(Gate-Source 
+ Gate-Drain) 
Rating. See Figure 17 for test circuit. 


Gate-Source 
Charge 
OQS 
(Gate charge is essentially independent 
of 
- 
27 
- 
nC 


Gate-Drain 
("Miller") 
Charge 
°Qd 
operating temperature.) 
- 
36 
- 
nC 


Internal Drain Inductance 
LO 
Measured between 
Modified MOSFET 
- 
5.0 
- 
nH 
the contact screw on 
symbol showing the 
header that is closer 
internal device 
to source and gate 


'~ 


pins and center of 
center of die. 


Internal Source Inductance 
LS 
Measured from the 
- 
12.5 
- 
nH 
source lead, 6mm 
(0.25") from header 
LS 
and source bonding 
pad. 
S 


Junction-to-Case 
R9JC 
- 
- 
0.8 
°C/W 
Case-to-Sink 
Racs 
Mounting surface flat, smooth and greased 
- 
0.1 
- 
oC/W 


Junction-to-Ambient 
RaJA 
Free air operation 
- 
- 
30 
°C/W 


Continuous 
Source Current 
IS 
Modified MOSFET 


~ 


- 
- 
40 
A 
(Body Diode) 
symbol showing the 


Pulse Source Current 
ISM 
integral reverse 
- 
- 
160 
A 
(Body Diode) (Note 3) 
P-N junco rectifier. 


Diode Forward Voltage (Note 2) 
VSO 
TJ = +250C,IS 
= 40A, VGS = OV 
- 
- 
2.5 
V 


Reverse Recovery Time 
trr 
TJ - +1500C,IF 
- 40A, dlF/dt - 100A!~s 
- 
600 
- 
ns 


Reverse Recovered Charge 
°RR 
TJ - +250C,IF 
- 5.5A, dlF/dt - 100A!~s 
- 
3.3 
- 
~C 
Forward Turn-on 
Time 
tON 
Intrinsic turn-on time is negligible. Turn-on 
- 
- 
- 
- 
speed is substantially 
controlled 
by LS + LO. 


NOTES: 
1. TJ - +250C 
10 +1500C 
2. Pulse Test: 
Pulse width < 300lJs. 
Duty Cycle ~ 2% 


3. Repetitive Rating: 
Pulse width limited by max. 


junction 
temperature. 
See Transient 
Thermal 
Impedance 
Curve (Figure 5) 
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Ell HARRIS 
'RF220, 'RF221 
'RF222, 'RF223 


N-Channel Enhancement-Mode 
Power Field-Effect Transistors 


Features 


• 4.0A 
and 
5.0A, 
150V 
- 200V 


• rDS(on) 
= o.sn 
and 
1.2n 


• SOA 
is Power-Dissipation 
Limited 


• Nanosecond 
Switching 
Speeds 


• Linear 
Transfer 
Characteristics 


• High 
Input 
Impedance 


• Majority 
Carrier 
Device 


TO-204AA 
BonOMVIEW 


DRAIN 
SOU~LANGE)o 
GATE 


Description 


The 
IRF220, 
IRF221, 
IRF222, 
and 
IRF223 
are 
n-channel 
Terminal Diagram 
enhancement-mode 
silicon-gate 
power field-effect 
transistors 
designed 
for 
applications 
such 
as 
switching 
regulators, 
N-CHANNEL 
ENHANCEMENT MODE 
switching 
converters, 
motor 
drivers, 
relay drivers, 
and drivers 
for 
high-power 
bipolar 
switching 
transistors 
requiring 
high 
D 
speed and low gate-drive 
power. These types can be operated 
directly 
from 
integrated 
circuits. 


The 
IRF types 
are 
supplied 
in the 
JEDEC 
TO-204AA 
steel 
package. 
G 


IRF220 
IRF221 
IRF222 
IRF223 


Drain-Source Voltage (1) ............................ 
VOS 
200 
150 
200 
150 
Drain-Gate Voltage (RGS = 20kO) (1) ................ 
VOGR 
200 
150 
200 
150 
Continuous Drain Current 
TC = +250C ....................................... 
10 
5.0 
5.0 
4.0 
4.0 
TC = +1000C ...................................... 
10 
3.0 
3.0 
2.5 
2.5 
Pulsed Drain Current (3) .............................. 
10M 
20 
20 
16 
16 
Gate-Source Voltage ............................... 
VGS 
±20 
±20 
±20 
±20 
Maximum Power Dissipation 
TC = +250C (See Figure 14) ......................... 
Po 
40 
40 
40 
40 
Linear Derating Factor (See Figure 14) .................... 
0.32 
0.32 
0.32 
0.32 
Inductive Current, Clamped ........................... 
ILM 
20 
20 
16 
16 
(See Figures 14 and 15, L = 100f!H) 
Operating and Storage Junction .................. 
TJ' TSTG 
-50to+150 
-50to+150 
-50 to +150 
-50 to +150 


Temperature Range 
Maximum Lead Temperature for Soldering ............... 
TL 
300 
300 
300 
300 
(0.063" (1.6mm) from case for 10s) 


NOTES: 


1. TJ = +2SoC to +1S00C. 


2. Pulse Test: 
Pulse width :S.300~s. Duty Cycle ~ 2%. 


3. Repetitive 
rating: 
Pulse width 
limited 
by maximum 
junction 
temperature. 
See Transient Thermal Impedance 
Curve (Figure 5). 


UNITS 


V 
V 


W 
W/oC 
A 


~ 
•.••w 
w u. 
z.., 
zO 
<::IE 
:%:a: 
"'w'~ 
zo 
Q. 


Parameter 
Type 
Min. 
Typ. 
Max. 
Unit. 
Test Condition. 


BVOSs 
Drain - Source Breakdown 
Voltage 
IRF220 
200 
- 
- 
V 
VGs'" 
OV 
IRF222 


IRF221 
150 
- 
- 
V 
10 "" 250~ 
IRF223 


Vr.·"h 
Gate Thre.hold 
Voltage 
All 
2.0 
- 
4.0 
V 
VDS = VGS. 10 - 
250 •••• 


I"ss 
Gate-Source 
leakage 
Forward 
All 
100 
nA 
VGs 
- 
20V 


IGsS 
Gate-Source 
Leak,ge 
Reverse 
All 
'00 
nA 
VGS - 
·20V 


lOSS 
Zero o.te 
Voftage Drain Current 
- 
- 
250 
.A 
VOS 
s 
Max. Rating, VGS '" OV 
All 
1000 
...• 
Vos 
- 
Max. Rating x 0.8, VGS '" OV, TC "" 125°C 


lolonl 
On-st'te 
Or,in 
Current 
<%l 
IRF220 
5.0 
- 
- 
A 
IRF221 
VOS) 
1010nl x ROSlonl 
max.' 
VGS• 
10V 
IRF222 
IRF223 
4.0 
- 
- 
A 


ROSlont 
Static 
Orain-Source-On-State 
IRF220 
- 
0.5 
0.8 
0 
Resistance 
<2> 
IRF221 


IRF222 
VGS"" 
10V, 10 •• 2.5A 


IRF223 
- 
0.8 
1.2 
0 


gls 
Forward 
Transconductance 
(2) 
All 
1.3 
2.5 
- 
SIO) 
VOS) 
lolonl 
x "Osiont 
mex.' 
10 • 
2.SA 


Ciss 
Input Capacitance 
All 
450 
pF 
VGS = OV, VOS = 2SV, f = 1.0 MHz 
Coss 
Output 
Capacitance 
All 
- 
150 
pF 
See Fig. 10 
Cr•s 
Reverse Transfer Capacitance 
All 
40 
pF 


td on 
Turn-On Delay Time 
All 
- 
20 
40 
ns 
VoO 
'" 0.5 8VOSS' 
10 - 2.5A, 
Zo - 
500 


t, 
RiseTime 
All 
30 
60 
ns 
See Fig. 17 


td off 
Turn-Off 
Delay Time 
All 
50 
'00 
ns 
IMOSFET switching 
times are essentially 


tf 
FaUTime 
All 
- 
30 
60 
ns 
independent 
of operating 
temperature.) 


Og 
Total Gate Charge 
All 
- 
11 
15 
nC 
VGS - 
10V, '0 - 6.0A, 
VOS - 
0.8 Max. Rating. 
(Gate-Source 
Plus Gate-Drain) 
See Fig. 18 for test circuit. 
IGate charge is essentially 


°as 
Gate·Source 
Charge 
All 
- 
5.0 
- 
nC 
independent 
of operating 
temperature.1 


Dad 
Gate-Drain 
1"Miller") 
Charge 
All 
- 
6.0 
- 
nC 


lO 
Internal 
Orain Inductance 
All 
- 
5.0 
- 
nH 
Measured 
between 
Modified 
MQSFET 


the contact 
screw on 
symbol 
showing 
the 
header that is closer to 
internal device 
source and gate pins 
inductances. 
and center of die. 
D 


lS 
Internal 
Source Inductance 
All 
- 
12.5 
- 
nH 
Measured 
from the 
@J 


source pin, 6 mm 
GlJ 
LS 
10.25 in.) from header 
and source bonding 
pad. 


S 


R,hJC 


R,h 


RthJA 


Junction-to-Case 


Case-to-Sink 


Junction-to-Ambient 


15 
Continuous 
Source Current 
IRF220 
- 
- 
5.0 
" 


Modified 
MQSFET symbol 
(Body Diode) 
IRF221 
showing 
the integral 
D 
IRF222 
reverse P·N junction 
rectifier. 


G.aEl 


IRF223 
- 
- 
4.0 
A 


ISM 
Pulse Source Current 
IRF220 
- 
- 
20 
A 
(Body Dtodel Q) 
IRF221 


IRF222 
- 
- 
'6 
A 
S 


IRF223 


VSD 
Diode Forward 
Voltage 
(2) 
IRF22D 
- 
- 
2.0 
V 
TC = 25°C, 
IS ., S.DA, VGS - 
OV 
IRF221 


IRF222 
- 
- 
1.8 
V 
TC •• 2SoC. IS ., 4.oA, 
VGS ., OV 
IRF223 
t" 
Re\lerse Reco\lery 
Time 
All 
350 
ns 
TJ "" 150°C. 
IF "" S.oA, dlF/dt 
., 100AIp.s 


°RR 
Re\lerse Reco\lered 
Charge 
All 
2.3 
.C 
TJ '" 150°C, 
IF ., S.oA, dlF/dt 
., 100A/p.s 


'on 
Forward 
Turn-on Time 
All 
Intrinsic 
turn-on 
time is negligible. 
Turn-on speed is substantially 
controlled 
by lS + lD. 


<DTJ 
= 25°C 
to 150°C. 
®Pulse 
Test: Pulse width" 
300p.s, Duty Cycle" 
2%. 
Q) 
Repetitive 
Rating: Pulse width 
limited 


by max. junction 
temperature. 


See Transient Thermal 
Impedance 
Curve IFig. "51. 
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Fig. 4 - Maximum Safe Operating Area 


NOTES:EL..fL 


~2~ 


I. DUTY FACTOR, 
0 '" !.l. 


'2 


2. PER 
UNIT 
BASE" 
RthJC 
'" 3.12 
CEG. etw. 


3. T JM - T C " POM Ztt\JC(l). 


10-3 
10-2 
10-1 


11. SQUARE 
WAVE 
PULSE DURATION 
(SeCONDS) 


Fig.5 - Maximum Effective Transient Thermal Impedance, Junction-to-Case 
Vs. Pulse Duration 
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m HARRIS 
'RF230/231/232/233 


'RF230R/231R/232R/233R 


N-Channel Power MOSFETs 


Avalanche Energy Rated* 


• 8.0A and 9.0A, 150V - 200V 


• rDS(on) = 0.40 and 0.60 


• Single Pulse Avalanche Energy Rated" 


• SOA is Power-Dissipation 
Limited 


• Nanosecond 
Switching 
Speeds 


• Linear Transfer Characteristics 


• High Input Impedance 


DRAIN 
SOU~LANGE)o 
GATE 


Description 


The IRF230, IRF231, IRF232, and IRF233 are n-channel 
enhancement-mode silicon-gate 
power field-effect 
transis- 
tors. IRF230R, IRF231R, IRF232R and IRF233R types are ad- 
vanced power MOSFETs designed, tested, and guaranteed to 
withstand a specified level of energy in the breakdown ava- 
lanche mode of operation. All of these power MOSFETsare de- 
signed for applications such as switching regulators, switching 
converters, motor drivers, relay drivers, and drivers for high- 
power bipolar switching transistors requiring high speed and 
low gate-drive power. These types can be operated directly 
from integrated circuits. 


The IRF types are supplied In the JEDEC TO-204AA steel 
package. 


Terminal Diagram 


N-CHANNEL 
ENHANCEMENT 
MODE 


D 


G~ 


S 


Drain-Source Voltage (1) ••....••.................... 
VOS 
Drain-Gate Voltage (RGS = 20kO) (1) ...•..••.•.•...• 
VOGR 
Continuous Drain Current 
TC = +250C ••..•.•...••••...•••••......•.•••••.... 
10 
TC = +1000C •..•••...•••.....••••.......••••••.... 
10 
Pulsed Drain Current (3) .•••.....•.••......•.••..•.... 
10M 
Gate-Source Voltage 
•...••.•...••.•.......••••••••. 
VGS 
Maximum Power Dissipation 
TC = +250C ..•.................................... 
Po 
Unear Derating Factor •••...•••••..•••••••......••••••••• 
Inductive Current, Clamped 
ILM 
(See Figure 14, L = 1001/H) 
Single Pulse Avalanche Energy Rating (4) .......•....•.. 
EAS' 
Operating and Storage Junction ..••.•.........••• 
TJ, TSTG 
Temperature Range 
Maximum Lead Temperature for Soldering 
TL 
(0.063" (1.6mm) from case for 10s) 


IRF230 
IRF231 
IRF232 
IRF233 


IRF230R 
IRF231R 
IRF232R 
IRF233R 


200 
150 
200 
150 
200 
150 
200 
150 


9.0 
9.0 
8.0 
8.0 
6.0 
6.0 
5.0 
5.0 
36 
36 
32 
32 


±20 
±20 
±20 
±20 


75 
75 
75 
75 
0.6 
0.6 
0.6 
0.6 
36 
36 
32 
32 


150 
150 
150 
150 
-55to+150 
-55 to +150 
-55to+150 
-55 to +150 


300 
300 
300 
300 


NOTES: 


1. TJ = +250C to +1500C. 


2. Pulse Test: Pulse width .5 300~s. Duty Cycle..5 2%. 


3. Repetitive rating: Pulse width limited by maximum junction temperature. 


See Transient Thermal Impedance 
Curve (Figure 5). 


1lR Suffix Types Only 


UNITS 


V 
V 


W 


W/oC 
A 


UMITS 


CHARACTERISTIC 
SYMBOL 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Drain-Source 
Breakdown 
Voltage 
BVDSS 
VGS = OV,IO = -2501lA 
IRF230/232,IRF230R/232R 
200 
- 
- 
V 


IRF231/233,IRF231 
R/233R 
150 
- 
- 
V 


Gate Threshold Voltage 
VGSrTHl 
VOS - VGS, 10 - 250llA 
2.0 
- 
4.0 
V 


Gate-Source 
Leakage Forward 
IGSS 
VGS- 
20V 
- 
- 
100 
nA 


Gate-Source 
Leakage Reverse 
IGSS 
VGS--20V 
- 
- 
-100 
nA 


Zero Gate Voltage Drain Current 
lOSS 
VOS - Max Rating, VGS - OV 
- 
- 
250 
IlA 


VOS - Max Rating x 0.8, VGS - OV, 
- 
- 
1000 
IJA 
TJ=+1250C 


On-State 
Orain Current (Note 2) 
10{ON) 
VOS> 
10{ON) x rOS{ON) Max, VGS - 10V 
IRF230/231, 
IRF230R/231 
R 
9.0 
- 
- 
A 


IRF232/233,IRF232R/233R 
8.0 
- 
- 
A 


Static Orain-Source 
On-State 
rOS{ON) 
VGS = 1OV,IO = 5.0A 
Resistance (Note 2) 
IRF230/231,IRF230R/231 
R 
- 
0.25 
0.4 
0 


IRF232/233,IRF232R/233R 
- 
0.4 
0.6 
0 


Forward Transconductance 
(Note 2) 
gts 
VOS > 50V, 10 - 5.0A 
3.0 
4.8 
- 
S(m 


Input Capacitance 
CISS 
VGS = OV,VOS = 25V, f = 1.0MHz 
- 
600 
- 
pF 


Output Capacitance 
COSS 
See Figure 10 
- 
250 
- 
pF 


Reverse Transfer Capacitance 
CRSS 
- 
80 
- 
pF 


Turn-On 
OelayTime 
tdlONl 
VOO '" 90V,I0 
= 5.0A, Zo = 150 
- 
- 
30 
ns 


RiseTime 
tr 
See Figure 17. (MOSFET switching times 
- 
- 
50 
ns 


Turn-Off 
Oelay Time 
'dIOFF\ 
are essentially independent 
of operating 
- 
- 
50 
temperature) 
ns 


Fall Time 
tf 
- 
- 
40 
ns 


Total Gate Charge 
Og 
VGS = 10V,I0 
-12A, 
VOS =0.8V 
Max 
- 
19 
30 
nC 


(Gate-Source 
+ Gate-Orain) 
Rating. See Figure 18 for test circuil. 


Gate-Source 
Charge 
Oas 
(Gate charge is essentially independent 
of 
- 
10 
- 
nC 


Gate-Orain 
("Miller") 
Charge 
Oad 
operating temperature.) 
- 
9.0 
- 
nC 


Internal Orain Inductance 
LO 
Measured between 
Modified MOSFET 
- 
5.0 
- 
nH 
the contact screw on 
symbol showing the 
header that is closer 
internal device 
to source and gate 
,O~ 


pins and center of 
center of die. 


Internal Source Inductance 
LS 
Measured from the 
- 
12.5 
- 
nH 
source lead, 6mm 
(O.25") from header 
LS 
and source bonding 
pad. 
S 


Junction-ta-Case 
RaJC 
- 
- 
1.6 
°C/W 
Case-to-Sink 
Racs 
Mounting surface flat, smooth and greased 
- 
0.1 
- 
oC/W 


Junction-ta-Ambient 
RaJA 
Free air operation 
- 
30 
oC/W 


Continuous 
Source Current 
IS 
Modified MOSFET 


~ 


- 
- 
9.0 
A 
(Body Oiode) 
symbol showing the 


Pulse Source Current 
ISM 
integral reverse 
- 
- 
36 
A 
(Body Oiode) (Note 3) 
P-N junco rectifier. 


Diode Forward Voltage (Note 2) 
VSO 
TJ = +250C,IS 
= 9A, VGS = OV 
- 
- 
2.0 
V 
Reverse Recovery Time 
trr 
TJ - +1500C,IF 
- 9.0A, dlF/dt -100NIlS 
- 
450 
- 
ns 
Reverse Recovered Charge 
°RR 
TJ - +1500C, 
IF - 9.0A, dlF/dt -1 OONlls 
- 
3.0 
- 
IlC 
Forward Turn-on Time 
tON 
Intrinsic turn-on time is negligible. Turn-on 
- 
- 
- 
- 
speed is substantially 
controlled 
by LS + LO. 


NOTES: 
1. TJ = +250C 
to +1500C 
2. Pulse Test: 
Pulse width .s 300~s, 
Duly Cycle 
~ 2% 


3. Repetitive Rating: 
Pulse width limited by max. 


junction 
temperature. 
See Transient 
Thermal 
Impedance 
Curve (Figure 
5) 
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m HARRIS 
IRF234, IRF235 
IRF236, IRF237 


N-Channel Power MOSFETs 
Avalanche-Energy Rated 


Features 


• 8.1A and 6.5A, 275V - 250V 


• rDs(on) = 0.450 
and 0.680 


• Single Pulse Avalanche Energy Rated 


• SOA is Power-Dissipation 
Limited 


• Nanosecond Switching 
Speeds 


• Linear Transfer Characteristics 


TO-204AA 
BonOMVIEW 


DRAIN 
SOU~LANGE)o 
GATE 
• High Input Impedance 


• 275V, 250V Rating - 120V AC Line System Operation 


Description 


The IRF234, IRF235, IRF236, and IRF237 are advanced power 
MOSFETs designed, tested, and guaranteed to withstand a 
specified level of energy in the breakdown avalanche mode of 
operation. These are n-channel enhancement-mode silicon 
gate power field-effect transistors designed for applications 
such as switching regulators, switching converters, motor driv- 
ers, relay drivers, and drivers for high-power bipolar switching 
transistors requiring high speed and low gate-drive power. 


The IRF-types are supplied in the JEDEC TO-204AA steel 
package. 


Terminal Diagram 


N-CHANNEL 
ENHANCEMENT 
MODE 


Drain-Source Voltage (1) .....................•...... 
VDS 
Drain-Gate Voltage (RGS = 20kO) (1) ...•......•..... 
VDGR 
Continuous Drain Current 
TC = +250C .•.•................................... 
10 
TC = +1000C •.•.••...............................• 
10 
Pulsed Drain Current (3) 
10M 
Gate-Source Voltage 
......................•........ 
VGS 
Maximum Power Dissipation 
TC = +250C ....•....•••.....••......•..•........•. 
Po 
Linear Derating Factor 
. 


Single Pulse Avalanche Energy Rating (4) 
EAS 
Operating and Storage Junction ..•............... 
TJ' TSTG 
Temperature Range 
Maximum Lead Temperature for Soldering 
TL 
(0.063" (1.6mm) from case for 10s) 


IRF234 
IRF235 
IRF236 
IRF237 


250 
250 
275 
275 
250 
250 
275 
275 


8.1 
6.5 
8.1 
6.5 
5.1 
4.1 
5.1 
4.1 
32 
26 
32 
26 
±20 
±20 
±20 
±20 


75 
75 
75 
75 
0.6 
0.6 
0.6 
0.6 
180 
180" 
180 
180 
-55to+150 
-55 to +150 
-55 to +150 
-55 to +150 


300 
300 
300 
300 


NOTES: 


1. TJ = +250C to +1500C. 


2. Pulse Test: 
Pulse width ~ 300~s. Duty Cycle ~ 2%. 


3. Repetitive 
rating: Pulse width 
limited by maximum 
junction 
temperature. 


see Transient 
Thermal 
Impedance 
Curve (Figure 
5). 


UNITS 


V 
V 


W 
W/OC 
mj 
oC 


~ 
.•.•w 
w~Z.-, 
ZQ 
ec:E 
:ea: 
Uw 
'~ 
ZQa.. 


LIMITS 


CHARACTERISTIC 
SYMBOL 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Drain-Source 
Breakdown Voltage 
BVDSS 
VGS = OV,10= -250~A 
IRF236,IRF237 
275 
- 
- 
V 


IRF234,IRF235 
250 
- 
- 
V 


Gate Threshold Voltage 
VGSrTHl 
VOS - VGS, 10 - -250~A 
2.0 
4.0 
V 


Gate-Source Leakage Forward 
IGSS 
VGS- 
20V 
- 
- 
100 
nA 


Gate-Source Leakage Reverse 
IGSS 
VGS-20V 
- 
- 
-100 
nA 


Zero Gate Voltage Drain Current 
lOSS 
VOS - Max Rating, VGS - OV 
- 
- 
250 
~A 


VOS - Max Rating x 0.8, VGS - OV, 
- 
- 
1000 
~A 
TJ=+1250C 


On-State Drain Current (Note 2) 
10(ON) 
VOS> 10(ON) x rOS(ON) Max, VGS = 10V 
IRF234,IRF236 
8.1 
- 
- 
A 


IRF235,IRF237 
6.5 
- 
- 
A 


Static Drain-Source 
On-State 
rOS(ON) 
VGS = 10V, 10 = 4.1A 
Resistance (Note 2) 
IRF234,IRF236 
- 
0.32 
0.45 
0 


IRF235,IRF237 
- 
0.48 
0.68 
0 


Forward Transconductance 
(Note 2) 
gts 
VOS = 2 X VGS, 10 = 4.1A 
2.9 
4.3 
- 
S(Ul 
Input Capacitance 
CISS 
VGS = OV,VOS = 25V, f = 1.0MHz 
- 
600 
- 
pF 


Output Capacitance 
COSS 
See Figure 10 
- 
180 
- 
pF 


Reverse Transfer Capacitance 
CRSS 
- 
52 
- 
pF 


Turn-On OelayTime 
td(ON) 
VOO = 125V, 10 = 8.1A, RG = 120 
- 
9.1 
14 
ns 


Rise Time 
tr 
See Figure 16. (MOSFET switching times 
- 
23 
35 
ns 


Turn-Off Delay Time 
'd(OFF) 
are essentially independent of operating 
- 
31 
47 
temperature) 
ns 


Fall Time 
tf 
- 
19 
29 
ns 


Total Gate Charge 
Qg 
VGS = 10V, 10 = 8.1A, VOS = 0.8 Max 
- 
24 
35 
nC 
(Gate-Source + Gate-Drain) 
Rating. See Figure 17 for test circuit. 


Gate-Source Charge 
Qas 
(Gate charge is essentially independent of 
- 
5.1 
- 
nC 


Gate-Drain ("Miller") Charge 
Qad 
operating temperature.) 
- 
12 
- 
nC 


Internal Drain Inductance 
LO 
Measured between 
Modified MOSFET 
- 
5.0 
- 
nH 
the contact screw on 
symbol showing the 
header that is closer 
internal device 
to source and gate 
inductances. 
pins and center of 


~ 


center of die. 


Internal Source Inductance 
LS 
Measured from the 
- 
12.5 
- 
nH 
source lead, 6mm 
(0.25") from header 
LS 
and source bonding 
pad. 
S 
Junction-ta-Case 
R(lJC 
- 
- 
1.67 
°C/W 
Case-to-Sink 
Racs 
Mounting surface flat, smooth and greased 
- 
0.1 
- 
°C/W 
Junction-ta-Ambient 
RaJA 
Free air operation 
- 
- 
30 
°C/W 


Continuous Source Current 
IS 
Modified MOSFET 


~ 


- 
- 
8.1 
A 
(Body Diode) 
symbol showing the 


Pulse Source Current 
ISM 
integral reverse 
- 
- 
32 
A 
(Body Diode) (Note 3) 
P-N juncorectifier. 


Diode Forward Voltage (Note 2) 
VSO 
TJ - +250C, IS - 8.1A, VGS - OV 
- 
- 
2.0 
V 
Reverse Recovery Time 
trr 
TJ - +250C, IF - 8.1A, dlF/dt -100A/~s 
92 
180 
390 
ns 
Reverse Recovered Charge 
QRR 
TJ - +250C, IF - 8.1A, dlF/dt - 100A/~s 
0.63 
1.3 
2.7 
~C 
Forward Turn-on Time 
tON 
Intrinsic turn-on time is negligible. Turn-on 
- 
- 
- 
- 
speed is substantially controlled by LS + LO. 


NOTES: 
1. TJ = +2SoC 
to +1S00C 
2. Pulse Test: 
Pulse width 
~ 300~s. 


Duty Cycle 
~ 2% 


3. Repetitive Rating: 
Pulse width limited by max. 
junction 
temperature. 
See Transient 
Thermal 
Impedance 
Curve (Figure 5) 


4. VDD = SOY, Start 
TJ = +2SoC. 
L = 4.SmH, 


RGS = 2S0. 
IpEAK = 8.1A 
(See Figures 
14 & 1S) 
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;II HARRIS 
'RF240/241/242/243 
'RF240R/241R/242R/243R 


N-Channel 
Power MOSFETs 
Avalanche 
Energy Rated* 


• 16A and 18A, 200V, 150V 


• rDS(on) = 0.180 
and 0.220 


• Single Pulse Avalanche Energy Rated* 


• SOA is Power-Dissipation 
Limited 


• Nanosecond Switching Speeds 


• Linear Transfer Characteristics 


DRAIN 
SOU~LANGE)o 
GATE 


Description 


The IRF240, IRF241, IRF242, and IRF243 are n-channel 
enhancement-mode silicon-gate power field-effect transis· 
tors. IRF240R, IRF241R, IRF242R and IRF243R types are 
advanced power MOSFETs designed, tested, and guaranteed 
to withstand a specified level of energy in the breakdown 
avalanche mode of operation. All of these power MOSFETsare 
designed for 
applications 
such 
as switching 
regulators, 
switching converters, motor drivers, relay drivers, and drivers 
for high-power 
bipolar switching transistors requiring high 
speed and low gate-drive power. Thesetypes can be operated 
directly from integrated circuits. 


The IRF-types are supplied in the JEDEC TO-204AE steel 
package. 


Terminal Diagram 


N-CHANNEL 
ENHANCEMENT 
MODE 


o 


G~ 


S 


Drain-Source 
Voltage (1) ......••......•....•........ 
VDS 
Drain-Gate 
Voltage (RGS = 20kO) (1) .....•••••...... 
VDGR 
Continuous 
Drain Current 
TC = +250C 
..................••......••••••....... 
10 
TC = +1000C 
................•............•••.•.... 
ID 
Pulsed Drain Current (3) .•..•.•....................... 
IDM 
Gate-Source 
Voltage 
•.•...•.•...................... 
VGS 
Maximum Power Dissipation 
TC = +250C 
•...................•.............•••.• 
Po 
Linear Derating Factor ......•••••.....•••.•.•..•..••..•.. 
Inductive Current, Clamped 
..........••.•••........••. 
ILM 
(See Figure 14, L = 100IlH) 
Single Pulse Avalanche 
Energy Rating (4) ••.......•..••• 
EAS* 
Operating 
and Storage Junction 
TJ, TSTG 
Temperature 
Range 
Maximum Lead Temperature 
for Soldering 
....•••••••.... 
TL 
(0.063" (1.6mm) from case for 10s) 


IRF240 
IRF241 
IRF242 
IRF243 
IRF240R 
IRF241R 
IRF242R 
IRF243R 


200 
150 
200 
150 
200 
150 
200 
150 


18 
18 
16 
16 
11 
11 
10 
10 
72 
72 
64 
64 
±20 
±20 
±20 
±20 


125 
125 
125 
125 
1.0 
1.0 
1.0 
1.0 
72 
72 
64 
64 


580 
580 
580 
580 
-55to+150 
-55 to +150 
-5t;to+150 
-55to+150 


300 
300 
300 
300 


NOTES, 


1. TJ = +2SoC to +1S00C. 


2. Pulse Test: Pulse width ~ 300~s. Duty Cycle ~ 2%. 
3. Repetitive rating: Pulse width limited by maximum junction temperature. 


See Transient Thermal 
Impedance 
Curve (Figure 5). 
fiR Suffix Types Only 


UNITS 


V 
V 


W 
W/oC 
A 


LIMITS 


CHARACTERISTIC 
SYMBOL 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Drain-Source 
Breakdown Voltage 
BVOSS 
VGS = OV,IO = 250lJA 
IRF240/242,IRF240R/242R 
200 
- 
- 
V 


IRF241 /243, IRF241 R/243R 
150 
- 
- 
V 


Gate Threshold Voltage 
VGSITHl 
VOS = VGS, 10= 250~A 
2.0 
- 
4.0 
V 


Gate-Source Leakage Forward 
IGSS 
VGS- 
20V 
- 
100 
nA 


Gate-Source Leakage Reverse 
IGSS 
VGS--20V 
- 
- 
-100 
nA 


Zero Gate Voltage Drain Current 
lOSS 
VOS - Max Rating, VGS - OV 
- 
- 
250 
~A 


VOS - Max Rating x 0.8, VGS - OV, 
- 
- 
1000 
lJA 
TJ=+1250C 


On-State Drain Current (Note 2) 
10(ON) 
VOS> 10(ON) x rOS(ON) Max, VGS = 10V 
IRF240/241, 
IRF240R/241 R 
18 
- 
- 
A 


IRF242/243,IRF242R/243R 
16 
- 
- 
A 


Static Drain-Source 
On-State 
rOS(ON) 
VGS-10V,10-10A 
Resistance (Note 2) 
IRF240/241,IRF240R/241 
R 
- 
0.14 
0.18 
n 


IRF242/243,IRF242R/243R 
- 
0.20 
0.22 
n 


Forward Transconductance 
(Note 2) 
gts 
VOS> 10(ON) x rOSION\Max,IO - 10A 
6.7 
9.0 
- 
Sm) 


Input Capacitance 
CISS 
VGS = OV,VOS = 25V, f - 1.0MHz 
- 
1275 
- 
pF 


Output Capacitance 
COSS 
See Figure 10 
- 
500 
- 
pF 


Reverse Transfer Capacitance 
CRSS 
- 
160 
- 
pF 


Turn-On OelayTime 
td(ON) 
VOO -100V,10 
-18A, 
RG - 9.1n 
16 
30 
ns 


Rise Time 
tr 
See Figure 16. (MOSFET switching times 
- 
27 
60 
ns 


Turn-Off Delay Time 
!d(OFF) 
are essentially independent of operating 
- 
40 
80 
temperature) 
ns 


Fall Time 
tf 
- 
31 
60 
ns 


Total Gate Charge 
Qg 
VGS -10V,10 
-18A, 
VOS -0.8V 
Max 
- 
43 
60 
nC 
(Gate-Source + Gate-Drain) 
Rating: See Figure 17 for test circuit. 


Gate-Source Charge 
Qes 
(Gate charge is essentially independent of 
- 
8 
- 
nC 


Gate-Drain ("Miller") Charge 
Qed 
operating temperature.) 
- 
27 
- 
nC 


Internal Drain Inductance 
LO 
Measured between 
Modified MOSFET 
- 
5.0 
- 
nH 
the contact screw on 
symbol showing the 
header that is closer 
internal device 
to source and gate 


'"~ 


pins and center of 
center of die. 


Internal Source Inductance 
LS 
Measured from the 
- 
12.5 
- 
nH 
source lead, 6mm 
(0.25") from header 
LS 
and source bonding 
pad. 
S 


Junction-ta-Case 
RaJC 
- 
- 
1.0 
°C/W 
Case-to-Sink 
Racs 
Mounting surface flat, smooth and greased 
- 
0.1 
- 
°C/W 
Junction-ta-Ambient 
RaJA 
Free air operation 
- 
- 
30 
°C/W 


Continuous Source Current 
IS 
Modified MOSFET 


~ 


- 
- 
18 
A 
(Body Diode) 
symbol showing the 


Pulse Source Current 
ISM 
integral reverse 
- 
- 
72 
A 
(Body Diode) (Note 3) 
P-N juncorectifier. 


Diode Forward Voltage (Note 2) 
VSO 
TJ - +250C,IS 
= 18A, VGS = OV 
- 
- 
2.0 
V 
Reverse Recovery Time 
trr 
TJ - +1500C,IF 
-18A, 
dlF/dt -100N~s 
650 
ns 
Reverse Recovered Charge 
QRR 
TJ - +1500C,IF 
-18A, 
dlF/dt -100N~s 
- 
4.1 
- 
~C 
Forward Turn-on Time 
tON 
Intrinsic turn-on time is negligible. Turn-on 
- 
- 
- 
- 
speed is substantially controlled by LS + LO. 


NOTES: 
1. TJ - 
+2SoC 
to +1S00C 
2. Pulse Test: 
Pulse width 
S. 300).15, 


Duty Cycle ~ 2'!b 


3. Repetitive Rating: Pulse width limited by max. 


junction 
temperature. 
See Transient 
Thermal 
Impedance 
Curve (Figure 
5) 
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Fig. 1 - Typical 
Output 
Characteristics 
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Fig. 3 - 
Typical 
Saturation 
Characteristics 


2 
4 
6 
8 


VGS. GATE-TO-SOURCE 
VOL TAGE 
{VOL TS) 


Fig. 2 - Typical Transfer Characteristics 
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mHARRIS 
'RF244, 'RF245 
'RF246, 'RF247 


N-Channel Power MOSFETs 
Avalanche Energy Rated 


Features 


• 14A 
and 
13A, 
275V 
- 250V 


• rDS(on) 
= 0.280 
and 
0.340 


• Single 
Pulse 
Avalanche 
Energy 
Rated 


• SOA 
is Power-Dissipation 
Limited 


• Nanosecond 
Switching 
Speeds 


• Linear 
Transfer 
Characteristics 


TO-204AA 
BOTTOM VIEW 


• High 
Input 
Impedance 


·275, 
250V 
DC 
Rated 
- 120V 
AC 
Line 
System 
Operation 


DRAIN 
SOU~LANGE)o 
GATE 


Terminal Diagram 


N-CHANNEL 
ENHANCEMENT 
MODE 


Description 


The IRF244, 
IRF245,IRF246, 
and IRF247 
are advanced 
power 
MOSFETs 
designed, 
tested, 
and 
guaranteed 
to 
withstand 
a 
specified 
level of energy 
in the 
breakdown 
avalanche 
mode 
of 
operation. 
These 
are 
n-channel 
enhancement-mode 
silicon 
gate 
power 
field-effect 
transistors 
designed 
for 
applications 


such 
as switching 
regulators, 
switching 
converters, 
motor 
driv- 
ers, relay drivers, 
and 
drivers 
for high-power 
bipolar 
sWitching 
transistors 
requiring 
high 
speed 
and 
low 
gate-drive 
power. 


These 
types 
can 
be operated 
directly 
from 
integrated 
circuits. 


The 
IRF 
types 
are 
supplied 
in the 
JEDEC 
TO-204M 
steel 
package. 


Drain-Source 
Voltage (1) 
VDS 
Drain-Gate 
Voltage (RGS = 20kO) (1) 
VDGR 
Continuous 
Drain Current 
TC = +250C 
10 
TC = + 100°C.. 
. . . .. . . . . . .. . . . . . . . . . . . .. . .. .. . .. . .. 
10 
Pulsed Drain Current (3) 
10M 
Gate-Source 
Voltage 
VGS 
Maximum Power Dissipation 
TC = +250C 
Po 
Linear Derating Factor 
. 


Single Pulse Avalanche 
Energy Rating (4) 
Eas 
Operating 
and Storage Junction 
TJ, TSTG 
Temperature 
Range 
Maximum Lead Temperature 
for Soldering 
TL 
(0.063" (1.6mm) from case for 1Os) 


IRF244 
IRF245 
IRF246 
IRF247 


250 
250 
275 
275 
250 
250 
275 
275 


14 
13 
14 
13 
8.8 
8.0 
8.8 
8.0 
56 
52 
56 
52 
±20 
±20 
±20 
±20 


125 
125 
125 
125 
1.0 
1.0 
1.0 
1.0 


550 
550 
550 
550 
-55 to +150 
-5510+150 
-551o 
+150 
-5510+150 


300 
300 
300 
300 


NOTES: 


1. TJ = +250C to +1500C. 


2. Pulse Test: Pulse width ~ 300}Js. Duty Cycle ::s. 2%. 


3. Repetitive Rating: Pulse width limited by maximum junction temperature. 
see Transient 
Thermal 
Impedance 
Curve (Figure 
5). 


UNITS 


V 
V 


W 
W/oC 
mJ 
°C 
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UMITS 


CHARACTERISTIC 
SYMBOL 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Drain-Source 
Breakdown Voltage 
BVOSS 
VGS = OV,IO = 250pA 
IRF244,1RF245 
250 
- 
- 
V 


IRF246,IRF247 
275 
- 
- 
V 


Gate Threshold Voltage 
VGSrrHl 
VOS = VGS, 10 - 250~A 
2.0 
- 
4.0 
V 


Gate-Source Leakage Forward 
IGSS 
VGS= 20V 
- 
- 
100 
nA 


Gate-Source Leakage Reverse 
IGSS 
VGS=20V 
- 
- 
-100 
nA 


Zero Gate Voltage Drain Current 
loSS 
VOS - Max Rating, VGS - OV 
- 
- 
250 
pA 


VOS - Max Rating x 0.8, VGS - OV, 
- 
- 
1000 
~A 
TJ=+1250C 


On-State Orain Current (Note 2) 
IO(ON) 
VOS> IO(ON) x rOS(ON) Max, VGS - 10V 
IRF244,IRF246 
14 
- 
- 
A 


1RF245,IRF247 
13 
- 
- 
A 


Static Orain-Source On-State 
rOS(ON) 
VGS= 10V,IO =8A 
Resistance (Note 2) 
IRF244,IRF246 
- 
0.20 
0.28 
n 


1RF245.IRF247 
- 
0.24 
0.34 
n 
Forward Transconductance 
(Note 2) 
gfs 
VOS~ 50V, 10- 8A 
6.7 
10 
- 
Sm) 
Input Capacitance 
CISS 
VGS - OV,VOS - 25V, f - 1.0MHz 
- 
1300 
- 
pF 


Output Capacitance 
COSS 
See Figure 10 
- 
320 
- 
pF 


Reverse Transfer Capacitance 
CRSS 
- 
69 
- 
pF 


Turn-On Oelay Time 
td(ON) 
VOO = 125V,I0 
= 14A, RG = 9.1n 
- 
16 
24 
ns 


Rise Time 
tr 
See Figure 16. (MOSFET switching times 
- 
67 
100 
ns 
Turn-Off Oelay Time 
!dIOFFl 
are essentially independent of operating 
53 
80 
temperature) 
ns 
Fall Time 
tf 
- 
49 
74 
ns 


Total Gate Charge 
Qg 
VGS = 1OV,IO = 14A, VOS = 0.8 Max 
- 
39 
59 
nC 
(Gate-Source + Gate-Orain) 
Rating. See Figure 17 for test circuit 
Gate-Source Charge 
Qas 
(Gate charge is essentially independent of 
- 
6.6 
- 
nC 
Gate-Orain ("Miller") Charge 
Qad 
operating temperature.) 
- 
20 
- 
nC 
Internal Orain Inductance 
LO 
Measured from the 
Modified MOSFET 
- 
5.0 
- 
nH 
source lead, 
symbol showing the 
6mm (0.25 in.) 
internal device 
from package 
,O~ 


to center of 
die. 


Internal Source Inductance 
LS 
Measured from the 
- 
12.5 
- 
nH 
source lead, 6mm 
(0.25") from header 
LS 
and source bonding 
pad. 
S 


Junction-ta-Case 
R9JC 
- 
- 
1.0 
°C/W 
Case-to-Sink 
Racs 
Mounting surface flat, smooth and greased 
- 
0.5 
- 
°C/W 
Junction-ta-Ambient 
RaJA 
Free air operation 
- 
- 
30 
°C/W 


Continuous Source Current 
IS 
Modified MOSFET 


~ 


- 
- 
14 
A 
(Body Oiode) 
symbol showing the 
Pulse Source Current 
ISM 
integral reverse 
- 
56 
A 
(Body Oiode) (Note 3) 
P-N juncorectifier. 


Diode Forward Voltage (Note 2) 
VSO 
TJ - +250C,IS -14A, 
VGS - OV 
- 
- 
1.8 
V 
Reverse Recovery Time 
trr 
TJ - +250C,IF 
-14A,dIF/dt-100Al~s 
150 
300 
640 
ns 
Reverse Recovered Charge 
QRR 
TJ - +250C, IF - 14A, dlF/dt - 1OOAl~s 
1.6 
3.4 
7.2 
~C 
Forward Turn-on Time 
tON 
Intrinsic turn-on time is negligible. Turn-on 
- 
- 
- 
- 
speed is substantially controlled by LS + LO. 


NOTES: 
1. TJ - 
+2SoC 
to +1S00C 
2. Pulse Test: Pulse width :s 300~s. 


Duty Cycle :s 2%. 


3. Repetitive Rating: 
Pulse width limited by 
maximum junction temperature. 
See Transient 
Thermal Impedance 
Curve (Figure 5). 


4. VDD = SOV, Starting TJ = +2SoC, 
L = 4.SmH, RG = 2S0. 
Peak IL = 14A 
(See Figures 
14 & 1S). 
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NOTES: 
1. DUTY FACTOR. 
0 = t,/t2 


2. PEAK TJ = POM x ZthJC + TC 
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to-case vs. pulse duration. 
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N-Channel 
Power MOSFETs 


Avalanche 
Energy 
Rated* 


• 25A 
and 
30A, 
150V 
- 200V 


• rDS(on) 
= 0.0850 
and 
0.1200 


• Single 
Pulse 
Avalanche 
Energy 
Rated* 


• SOA 
is Power-Dissipation 
Limited 


• Nanosecond 
Switching 
Speeds 


• Linear 
Transfer 
Characteristics 
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GATE 


Description 


The 
IRF250, 
IRF251, 
IRF252, 
and 
IRF253 
are 
n-channel 
enhancement-mode 
silicon-gate 
power 
field-effect 
transis- 


tors. 
IRF250R, 
IRF251 R, IRF252R, 
and 
IRF253R 
types 
are 
advanced 
power 
MOSFETs 
designed, 
tested, 
and guaranteed 
to 
withstand 
a specified 
level 
of 
energy 
in the 
breakdown 
avalanche 
mode of operation. 
All of these power 
MOSFETs 
are 
designed 
for 
applications 
such 
as 
switching 
regulators, 
sWitching 
converters, 
motor 
drivers, 
relay drivers, 
and 
drivers 
for 
high-power 
bipolar 
switching 
transistors 
requiring 
high 
speed 
and low gate-drive 
power. These types 
can be operated 
directly 
from 
integrated 
circuits. 


The 
IRF types 
are 
supplied 
in the 
JEDEC 
TO-204AE 
steel 
package. 


Terminal Diagram 


N-CHANNEL 
ENHANCEMENT MODE 


Drain-Source Voltage (1) 
VOS 
Orain-Gate Voltage (RGS = 20kO) (1) 
VOGR 
Continuous Drain Current 
TC = +250C 
10 
TC=+1000C 
10 
Pulsed Drain Current (3) 
10M 
Gate-Source Voltage 
VGS 
Maximum Power Dissipation 
Po 
Linear Derating Factor 
. 


Inductive Current, Clamped 
ILM 
(See Figure 14, L = 10011H) 
Single Pulse Avalanche Energy Rating (4) 
Eas* 
Operating and Storage Junction 
TJ, TSTG 
Temperature Range 
Maximum Lead Temperature for Soldering 
TL 
(0.063" (1.6mm) from case for 1Os) 


IRF250 
IRF251 
IRF252 
IRF253 


IRF250R 
IRF251R 
IRF252R 
IRF253R 


200 
150 
200 
150 
200 
150 
200 
150 


30 
30 
25 
25 
19 
19 
16 
16 
120 
120 
100 
100 
±20 
±20 
±20 
±20 
150 
150 
150 
150 
1.2 
1.2 
1.2 
1.2 
120 
120 
100 
100 


910 
910 
910 
910 
-55to+150 
-5510+150 
-5510 +150 
-5510 +150 


300 
300 
300 
300 


NOTES: 


1. TJ = +2SoC to +1S00C. 


2. Pulse Test: 
Pulse width ~ 300~s. Duty Cycle ~ 2%. 


3. Repetitive Rating: Pulse width 
limited by 
max junction 
temp. See 
Transient Thermal Impedance Curve (Figure 5). 


4. VDD 
= 
SOV, starting 
TJ 
= 
+2SoC, 
L 
IpEAK = 30A. See Figure 1S. 


UNITS 


V 
V 


A 
A 
A 
V 
W 
W/oC 
A 


UMITS 


CHARACTERISTIC 
SYMBOL 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Drain-Source 
Breakdown 
Voltage 
BVOSS 
VGS = OV, 10 = 250flA 
IRF250/252,IRF250R/252R 
200 
- 
- 
V 


IRF251/253,IRF251 
R/253R 
150 
- 
- 
V 


Gate Threshold Voltage 
VGSCTH) 
VOS - VGS, 10 - 250flA 
2.0 
- 
4.0 
V 


Gate-Source 
Leakage Forward 
IGSS 
VGS-20V 
- 
- 
100 
nA 


Gate-Source 
Leakage Reverse 
IGSS 
VGS--20V 
- 
- 
100 
nA 


Zero Gate Voltage Drain Current 
lOSS 
VOS = Max Rating, VGS - OV 
- 
- 
250 
flA 


VOS = Max Rating x 0.8, VGS = OV, 
- 
- 
1000 
IIA 
TJ= 
+1250C 


On-State 
Drain Current (Note 2) 
10(ON) 
VOS> 
10(ON) x rOS(ON) Max, VGS - 10V 
IRF250/251.IRF250R/251 
R 
30 
- 
- 
A 


IRF252/253,IRF252R/253R 
25 
- 
- 
A 


Static Drain-Source 
On-State 
rOS(ON) 
VGS-10V,10-16A 
Resistance (Note 2) 
IRF250/251.IRF250R/251 
R 
- 
0.07 
0.085 
0 


IRF252/253.IRF252R/253R 
- 
0.09 
0.120 
0 


Forward Transconductance 
(Note 2) 
9fs 
VOS> 
50V,I0 
-16A 
13 
19 
- 
Sm) 


Input Capacitance 
CISS 
VGS - OV,VOS - 25V. f - 1.0MHz 
- 
2000 
- 
pF 


Output Capacitance 
COSS 
See Figure 10 
- 
800 
- 
pF 


Reverse Transfer Capacitance 
CRSS 
- 
300 
- 
pF 


Turn-On 
Delay Time 
tdlONl 
VOO - 1ooV.IO '" 30A, RG - 6.20 
- 
20 
30 
ns 


Rise Time 
tr 
See Figure 16. (MOSFET switching times 
- 
120 
180 
ns 


Turn-Olf 
Delay Time 
!dlOFFl 
are essentially independent 
of operating 
- 
70 
100 
temperature) 
ns 


Fall Time 
tf 
- 
80 
120 
ns 


Total Gate Charge 
Og 
VGS - 1OV,IO - 30A, VOS - 0.8 Max 
- 
79 
120 
nC 
(Gate-Source 
+ Gate-Drain) 
Rating. See Figure 17 for test circuil 


Gate-Source 
Charge 
Oos 
(Gate charge is essentially independent 
of 
- 
13 
- 
nC 


Gate-Drain 
("Miller") 
Charge 
Oad 
operating temperature.) 
- 
42 
- 
nC 


Internal Drain Inductance 
LO 
Measured between 
Modified MOSFET 
- 
5.0 
- 
nH 
the contact screw on 
symbol showing the 
header that is closer 
internal device 
to source and gate 
inductances. 
pins and center of 


~ 


center of die. 


Internal Source Inductance 
LS 
Measured from the 
- 
12.5 
- 
nH 
source lead, 6mm 
(0.25") from header 
LS 
and source bonding 
pad. 
S 


Junction-tcrCase 
R9JC 
- 
- 
0.83 
°c/w 
Case-tcrSink 
Racs 
Mounting surface flat, smooth and greased 
- 
0.1 
- 
°C/W 
Junction-tcrAmbient 
RaJA 
Free air operation 
- 
- 
30 
°C/W 


Continuous 
Source Current 
IS 
Modified MOSFET 


~ 


- 
- 
30 
A 
(Body Diode) 
symbol shoWing the 


Pulse Source Current 
ISM 
integral reverse 
- 
- 
120 
A 
(Body Diode) (Note 3) 
P-N junco rectifier. 


Diode Forward Voltage (Note 2) 
VSO 
TJ = +250C. IS = 30A. VGS = OV 
- 
- 
2.0 
V 
Reverse Recovery Time 
trr 
TJ - +250C. IF - 3OA, dlF/dt - 100NIIS 
140 
350 
630 
ns 
Reverse Recovered Charge 
°RR 
TJ - +250C. IF - 30A, dlF/dt = 100NIIS 
1.8 
4.7 
8.1 
IIC 
Forward Turn-on 
Time 
tON 
Intrinsic turn-on 
time is negligible. Turn-on 
- 
- 
- 
- 
speed is substantially 
controlled 
by LS + LO. 


NOTES: 1. TJ = +250C to +1500C 
2. Pulse Test: 
Pulse width < 300~s. 
Duty Cycle ::S2% 


3. Repetitive Rating: 
Pulse width limited by max. 
junction 
temperature. 
See Transient 
Thermal 
Impedance 
Curve (Figure 5) 
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IRF254, IRF255 
IRF256, IRF257 


N-Channel Power MOSFETs 
Avalanche Energy Rated 


Features 


• 22A 
and 
20A, 
275V 
- 250V 


• rDS(on} 
= 0.140 
and 
0.170 


• Single 
Pulse 
Avalanche 
Energy 
Rated 


• SOA 
is Power-Dissipation 
Limited 


• Nanosecond 
Switching 
Speeds 


• Linear 
Transfer 
Characteristics 


• High 
Input 
Impedance 


• 275, 
250V 
DC 
Rated 
- 120V 
AC 
Line 
System 
Operation 
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Description 


The IRF254, 
IRF255, 
IRF256, 
and IRF257 
are advanced 
power 
MOSFETs 
designed, 
tested, 
and 
guaranteed 
to 
withstand 
a 


specified 
level of energy 
in the 
breakdown 
avalanche 
mode 
of 
operation. 
These 
are 
n-channel 
enhancement-mode 
silicon- 
gate 
power 
field-effect 
transistors 
designed 
for 
applications 
such 
as switching 
regulators, 
switching 
converters, 
motor 
driv- 


ers, relay drivers, 
and 
drivers 
for high-power 
bipolar 
switching 


transistors 
requiring 
high 
speed 
and 
low 
gate-drive 
power. 


These 
types 
can 
be operated 
directly 
from 
integrated 
circuits. 


The 
IRF 
types 
are 
supplied 
in the 
JEDEC 
TO-204AE 
steel 
package. 


Terminal Diagram 


N-CHANNEL 
ENHANCEMENT MODE 


Drain-Source 
Voltage (1) 
VDS 
Drain-Gate 
Voltage (RGS = 20kO) (1) 
VDGR 
Continuous 
Drain Current 
TC = +250C 
10 
TC = +1000C 
10 
Pulsed Drain Current (3) 
10M 
Gate-Source 
Voltage 
VGS 
Maximum Power Dissipation 
TC = +250C 
Po 
Linear Derating Factor 
. 


Single Pulse Avalanche Energy Rating (4) 
Eas 
Operating 
and Storage Junction 
TJ, TSTG 
Temperature 
Range 
Maximum Lead Temperature 
for Soldering 
TL 
(0.063" 
(1.6mm) from case for 10s) 


IRF254 
IRF255 
IRF256 
IRF257 


250 
250 
275 
275 
250 
250 
275 
275 


22 
20 
22 
20 
14 
12 
14 
12 
88 
80 
88 
80 
±20 
±20 
±20 
±20 


150 
150 
150 
150 
1.2 
1.2 
1.2 
1.2 
1000 
1000 
1000 
1000 
-55to+150 
-55 to +150 
-55 to +150 
-55 to +150 


300 
300 
300 
300 


NOTES: 


1. TJ = +2SoC to +1S00C. 


2. Pulse Test: 
Pulse width ~ 300J.ls. 
Duty Cycle ~ 2%. 


3. Repetitive 
Rating: Pulse width limited by maximum 
junction 
temperature. 


See Transient Thermal Impedance 
Curve (Figure 5). 
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Orain-Source 
Breakdown 
Voltage 
BVOSS 
VGS - OV, 10 - 250lJA 
IRF254, 1RF255 
250 
- 
- 
V 


IRF256,IRF257 
275 
- 
- 
V 


Gate Threshold Voltage 
VGSfTH) 
VOS - VGS, 10 - 250~A 
2.0 
- 
4.0 
V 


Gate-Source 
Leakage Forward 
IGSS 
VGS-20V 
- 
- 
100 
nA 


Gate-Source 
Leakage Reverse 
IGSS 
VGS-20V 
- 
- 
-100 
nA 


Zero Gate Voltage Orain Current 
lOSS 
VOS - Max Rating, VGS - OV 
- 
- 
250 
~A 


VOS - Max Rating x 0.8, VGS - OV, 
- 
- 
1000 
lJA 
TJ=+1250C 


On-State 
Orain Current (Note 2) 
10(ON) 
VOS> 
10(ON) x rOS(ON) Max, VGS -10V 
IRF254,IRF256 
22 
- 
- 
A 


1RF255, IRF257 
20 
- 
- 
A 


Static Orain-Source 
On-State 
rOS(ON) 
VGS -10V,10 
-12A 
Resistance (Note 2) 
IRF254,IRF256 
- 
0.11 
0.14 
0 


1RF255.IRF257 
- 
0.14 
0.17 
0 


Forward Transconductance 
(Note 2) 
gts 
VOS> 
50V, 10 -12A 
11 
17 
- 
Sm) 


Input Capacitance 
CISS 
VGS - OV,VOS - 25V, f - 1.0MHz 
- 
2700 
- 
pF 


Output Capacitance 
COSS 
See Figure 10 
- 
580 
- 
pF 


Reverse Transfer Capacitance 
CRSS 
- 
130 
- 
pF 


Turn-On 
OelayTime 
td(ON) 
VOO = 125V,I0 
= 22A, RG = 6.20 
- 
19 
29 
ns 


RiseTime 
tr 
See Figure 16. (MOSFET switching 
times 
- 
84 
130 
ns 


Turn 
Off Oelay Time 
!dCOFFI 
are essentially independent 
of operating 
- 
75 
110 
temperature) 
ns 


Fall Time 
tf 
- 
65 
98 
ns 


Total Gate Charge 
Og 
VGS = 1OV,IO = 22A, VOS = 0.8 Max 
- 
87 
130 
nC 
(Gate-Source 
+ Gate-Orain) 
Rating. See Figure 17 for test circuit. 


Gate-Source 
Charge 
Oas 
(Gate charge is essentially independent 
of 
- 
14 
- 
nC 


Gate-Orain 
("Miller") 
Charge 
Oad 
aperating temperature.) 
- 
73 
- 
nC 


Internal Orain Inductance 
LO 
Measured from the 
Madified MOSFET 
- 
5.0 
- 
nH 
source lead, 
symbol shawing the 
6mm (0.25 in.) 
internal device 
fram package 
inductances. 


to center of 


~ 


die. 


Internal Source Inductance 
LS 
Measured from the 
- 
13 
- 
nH 
saurce lead, 6mm 
G 
I 
(0.25") from header 
LS 
and source bonding 
pad. 
S 


Junction-to-Case 
ROJC 
- 
- 
0.83 
°CIW 


Case-to-Sink 
ROCS 
Mounting surface flat, smooth and greased 
- 
0.10 
- 
°CIW 
Junction-to-Ambient 
ROJA 
Free air operation 
- 
- 
30 
°CIW 


Continuous 
Source Current 
IS 
Modified MOSFET 


~ 


- 
- 
22 
A 
(Body Oiode) 
symbol showing the 


Pulse Source Current 
ISM 
integral reverse 
- 
- 
88 
A 
(Body Oiode) (Note 3) 
P-N junco rectifier. 


Oiode Forward Voltage (Note 2) 
VSO 
TJ = +250C,IS 
= 22A, VGS = OV 
- 
- 
1.8 
V 


Reverse Recovery Time 
trr 
TJ - +250C,IF 
- 22A,dlF/dt 
- 100N~s 
150 
310 
650 
ns 


Reverse Recovered Charge 
°RR 
TJ - +250C, IF - 22A, dlF/dt - 1OOA/~s 
1.9 
4 
8.4 
~C 


Forward Turn-on 
Time 
tON 
Intrinsic turn-on 
time is negligible. Turn-on 
- 
- 
- 
- 
speed is substantially 
controlled 
by LS + LO. 


NOTES: 
1. TJ = +2SoC to + 1sooC 
2. Pulse Test: Pulse width ~ 300)Js, 


Duty Cycle 
~ 2%. 


3. Repetitive Rating: 
Pulse width limited by 
maximum junction temperature. 
See Transient 
Thermal 
Impedance 
Curve (Figure 5). 


4. VDD = SOY. Starting 
TJ = +2SoC. 


L = 3.3mH. 
RG = 2S0. 
Peak IL = 22A 
(See Figures 
14 & 1S). 
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vs Drain Current 
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m HARRIS 
'RF320, 'RF321 
'RF322, 'RF323 


N-Channel Enhancement-Mode 


Power Field-Effect Transistors 


Features 


• 2.8A and 3.3A, 350V - 400V 


• rDS(on) = 1.80 and 2.50 


• SOA is Power-Dissipation 
Limited 


• Nanosecond Switching Speeds 


• Linear Transfer Characteristics 


TO-204AA 
BonOMVIEW 


• High Input Impedance 


• Majority Carrier Device 


DRAIN 
SOU~LANGE)o 
GATE 


Description 


The IRF320, IRF321, IRF322, and IRF323 are n-channel 
enhancement-mode silicon-gate power field-effect transistors 
designed for 
applications 
such 
as sWitching regulators, 
switching converters, motor drivers, relay drivers, and drivers 
for high-power bipolar switching transistors requiring high 
speed and low gate-drive power.Thesetypes can be operated 
directly from integrated circuits. 


The IRF types are supplied in the JEDEC TO-204M 
steel 
package. 


Terminal Diagram 


N-CHANNEL 
ENHANCEMENT 
MODE 


Drain-Source Voltage (1) ...........................• 
VDS 
Drain-Gate Voltage (RGS = 20k(1) (1) 
VDGR 
Continuous Drain Current 
TC = +250C 
ID 
TC = +1000C 
ID 
Pulsed Drain Current (3) 
IDM 
Gate-Source Vo~age 
VGS 
Maximum Power Dissipation 
TC = +250C ••...••.....................•.......... 
PD 
Linear Derating Factor ......••.....•••...........••...... 
Inductive Current, Clamped .................•......... 
ILM 
(See Figures 14 and 15, L = 1OO~H) 
Operating and Storage Junction 
TJ. TSTG 
Temperature Range 
Maximum Lead Temperature for Soldering ....•.........• 
TL 
(0.063" (1.6mm) from case for 1Os) 


IRF320 
IRF321 
IRF322 
IRF323 


400 
350 
400 
350 
400 
350 
400 
350 


3.3 
3.3 
2.8 
2.8 


2.1 
2.1 
1.8 
1.8 
13 
13 
11 
11 


±20 
±20 
±20 
±20 


50 
'50 
50 
50 
0.4 
0.4 
0.4 
0.4 
12 
12 
10 
10 


-55to 
+150 
-55to 
+150 
-55to+150 
-55 to +150 


300 
300 
300 
300 


NOTES: 


1. TJ = +2SOC 
to + 1sooC. 


2. Pulse Test: 
Pulse wKtth .5 300~s. Duty Cycle ~ 2%. 


3. Repetitive Rating: Pulse width limited by maximum junction temperature. 
see Transient Thermal 
Impedance 
Curve (Figure 5). 
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CHARACTERISTIC 
SYMBOL 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Drain-Source 
Breakdown 
Voltage 
BVOSS 
VGS = OV,IO = 250flA 
IRF320,IRF322 
400 
- 
- 
V 


IRF321 , IRF323 
350 
- 
- 
V 


Gate Threshold Voltage 
VGSfTHI 
VOS - VGS, 10 - 250IIA 
2.0 
- 
4.0 
V 


Gate-Source 
Leakage Forward 
IGSS 
VGS-20V 
- 
- 
100 
nA 


Gate-Source 
Leakage Reverse 
IGSS 
VGS--20V 
- 
- 
-100 
nA 


Zero Gate Voltage Drain Current 
lOSS 
VOS - Max Rating, VGS - OV 
- 
- 
250 
IIA 


VOS - Max Rating x 0.8, VGS - OV, 
- 
- 
1000 
flA 
TJ=+1250C 


On-State 
Drain Current (Note 2) 
10(ON) 
VOS> 
JO(ON) x rOS(ON) Max, VGS - 10V 
IRF320,IRF321 
3.3 
- 
- 
A 


IRF322,IRF323 
2.8 
- 
- 
A 


Static Drain-Source 
On-State 
rOS(ON) 
VGS -10V,JO 
-1.8A 
Resistance (Note 2) 
IRF320,IRF321 
- 
1.5 
1.8 
0 


IRF322,IRF323 
- 
1.8 
2.5 
0 


Forward Transconductance 
(Note 2) 
gts 
VOS> 
50V,I0 
-1.8A 
1.8 
2.7 
- 
Sm) 


Input Capacitance 
CISS 
VGS - OV,VOS - 25V, f - 1.0MHz 
- 
450 
- 
pF 


Output Capacitance 
COSS 
See Figure 10 
- 
100 
- 
pF 


Reverse Transfer Capacitance 
CRSS 
- 
20 
- 
pF 


Turn-On 
Delay Time 
tdlONl 
VOO - 200V, 10 - 3.3A, RG - 180 
- 
10 
15 
ns 


Rise Time 
tr 
See Figure 16. (MOSFET switching 
times 
- 
14 
20 
ns 


Turn-Off 
Delay Time 
!dIOFFl 
are essentially independent 
of operating 
- 
30 
45 
ns 
temperature) 
Fall Time 
tf 
- 
13 
20 
ns 


Total Gate Charge 
Og 
VGS - 10V, 10 - 3.3A, VOS - 0.8 Max 
- 
12 
20 
nC 
(Gate-Source 
+ Gate-Drain) 
Rating. See Figure 17 for test circuit 


Gate-Source 
Charge 
Oas 
(Gate charge is essentially independent 
of 
- 
3.3 
- 
nC 


Gate-Drain 
("Miller") 
Charge 
°ad 
operating temperature.) 
- 
11 
- 
nC 


Internal Drain Inductance 
LO 
Measured between 
Modified MOSFET 
- 
5.0 
- 
nH 
the contact screw on 
symbol showing the 
header that is closer 
internal device 
to source and gate 
inductances. 


pins and center of 


~ 


die. 


Internal Source Inductance 
LS 
Measured from the 
- 
12.5 
- 
nH 
source lead, 6mm 
(0.25") from header 
LS 
and source bonding 
pad. 
S 


Junction-to-Case 
ReJC 
- 
- 
2.5 
°cm 
Case-ta-Sink 
Racs 
Mounting surface flat, smooth and greased 
- 
0.1 
- 
°cm 
Junction-ta-Ambient 
RaJA 
Free air operation 
- 
- 
30 
ocm 


Continuous 
Source Current 
IS 
Modified MOSFET 


~ 


- 
- 
3.3 
A 
(Body Diode) 
symbol showing the 


Pulse Source Current 
ISM 
integral reverse 
- 
- 
13 
A 
(Body Diode) (Note 3) 
P-N junco rectifier. 


Diode Forward Voltage (Note 2) 
VSO 
TC = +250C,IS 
= 3.3A, VGS = OV 
- 
- 
1.8 
V 
Reverse Recovery Time 
trr 
TJ - +250C,IF 
- 3.3A, dlF/dt - 100NIIS 
120 
270 
600 
ns 
Reverse Recovered Charge 
°RR 
TJ - +250C,IF 
- 3.3A,dIF/dt-100NIIS 
0.64 
1.4 
3.0 
IIC 
Forward Turn-on 
Time 
tON 
Intrinsic turn-on 
time is negligible. Turn-on 
- 
- 
- 
- 
speed is SUbstantially controlled 
by LS + LO. 


NOTES: 
1. TJ = +250C 
to +1500C 
2. Pulse Test: Pulse width ~ 300~s. Duty Cycle ~ 2%. 
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m HARRIS 
'RF330/331/332/333 


'RF330R/331R/332R/333R 


N-Channel Power MOSFETs 


Avalanche Energy Rated* 


• 4.5A 
and 
5.5A, 
350V 
- 400V 


• rDSlon) 
= 1.00 
and 
1.50 


• Single 
Pulse 
Avalanche 
Energy 
Rated· 


• SOA 
is Power-Dissipation 
Limited 


• Nanosecond 
Switching 
Speeds 


• Linear 
Transfer 
Characteristics 


TO-204M 
BOTTOM VIEW 


DRAIN 
SOU~LANGE)o 
GATE 


Description 


The 
IRF330, 
IRF331, 
IRF332, 
and 
IRF333 
are 
n-channel 
enhancement 
mode 
silicon 
gate power 
field effect 
transistors. 


IRF330R, 
IRF331 R, 
IRF332R, 
and 
IRF333R 
types 
are 
advanced 
power 
MOSFETs 
designed, 
tested, 
and guaranteed 
to 
withstand 
a specified 
level 
of 
energy 
in the 
breakdown 


avalanche 
mode 
of operation. 
All of the power 
MOSFETs 
are 
designed 
for 
applications 
such 
as 
switching 
regulators, 


switching 
converters, 
motor 
drivers, 
relay drivers, 
and drivers 
for 
high-power 
bipolar 
switching 
transistors 
requiring 
high 
speed 
and low gate-drive 
power. These types 
can be operated 
directly 
from 
integrated 
circuits. 


The 
IRF types 
are 
supplied 
in the 
JEDEC 
TO-204M 
steel 
package. 


Terminal Diagram 


N-CHANNEL 
ENHANCEMENT 
MODE 


Drain-Source Voltage (1) 
VOS 
Drain-Gate Voltage (RGS = 20kO) (1) 
VOGR 
Continuous Drain Current 
TC = +250C .....................•........•........ 
10 
TC=+1000C 
10 
Pulsed Drain Current (3) 
10M 
Gate-Source Voltage 
VGS 
Maximum Power Dissipation 
Po 
Unear Derating Factor 
. 


Inductive Current, Clamped 
ILM 


(See Figure 14, L 1OO~H) 
Single Pulse Avalanche Energy Rating (4) 
Eas• 


Operating and Storage Junction 
TJ' TSTG 
Temperature Range 
Maximum Lead Temperature for Soldering 
TL 
(0.063" (1.6mm) from case for 10s) 


IRF330 
IRF331 
IRF332 
IRF333 
IRF330R 
JRF331R 
IRF332R 
IRF333R 


400 
350 
400 
350 
400 
350 
400 
350 


5.5 
5.5 
4.5 
4.5 
3.5 
3.5 
3.0 
3.0 
22 
22 
18 
18 
±20 
±20 
±20 
±20 
75 
75 
75 
75 
0.6 
0.6 
0.6 
0.6 
22 
22 
18 
18 


300 
300 
300 
300 
-55to+150 
-55to+150 
-55 to +150 
-55 to +150 


300 
300 
300 
300 


NOTES: 


1. TJ = +2Soc 
to +lS00C. 


2. Pulse Test: 
Pulse width S 300~s, Duly Cycle S 2%. 


3. Repetitive Rating: Pulse width 
limited by max junction temp. See 
Transient 
Thermal 
Impedance 
Curve (Figure 
5). 


• R Suffix Types Only 


4. VDD = 
SOV, starting 
TJ = 
+2SoC, 
L 
IpEAK = 5.5A. See Figure 15. 


UNITS 
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A 
V 
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WloC 
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~ 
-,w 
w 
u.. 


zU> 
zO 
<:E 
:J:a: 
<'>w 
':;= 
Zo 
Q. 


CHARACTERISTIC 
SYMBOL 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Drain-Source 
Breakdown 
Voltage 
BVDSS 
VGS = OV,ID = -250~A 
IRF330/332,IRF330R/332R 
400 
- 
- 
V 


IRF331 /333,IRF331 
R/333R 
350 
- 
- 
V 


Gate Threshold Voltage 
VGSITHl 
VDS - VGS, ID - -250~A 
2.0 
- 
4.0 
V 


Gate-Source 
Leakage Forward 
IGSS 
VGS-20V 
- 
- 
100 
nA 


Gate-Source 
Leakage Reverse 
IGSS 
VGS--20V 
- 
- 
-100 
nA 


Zero Gate Voltage Drain Current 
IDSS 
VDS - Max Rating, VGS - OV 
- 
- 
250 
~A 


VDS - Max Rating x 0.8, VGS - OV, 
- 
- 
1000 
~A 
TJ=+1250C 


On-State 
Drain Current (Note 2) 
ID(ON) 
VOS> 
IO(ON) x rOS(ON) Max, VGS = 10V 
IRF330/331,IRF330R/331 
R 
5.5 
- 
- 
A 


IRF332/333,IRF332R/333R 
4.5 
- 
- 
A 


Static Drain-Source 
On-State 
rOS(ON) 
VGS -10V,tO 
- 3.0A 
Resistance (Note 2) 
IRF330/331,IRF330R/331 
R 
- 
0.8 
1.0 
0 


IRF332/333,IRF332R/333R 
- 
1.0 
1.5 
0 


Forward Transconductance 
(Note 2) 
gts 
VOS> 
50V, ID - 3.0A 
2.9 
4.0 
- 
Sm) 
Input Capacitance 
CtSS 
VGS - OV,VDS - -25V, f - 1.0MHz 
- 
700 
- 
pF 


Output Capacitance 
COSS 
See Figure 10 
- 
150 
- 
pF 


Reverse Transfer Capacitance 
CRSS 
- 
40 
- 
pF 


Turn-On 
DelayTime 
td(ON) 
VDD - 200V,ID "" 5.5A, RG - 120 
- 
11 
17 
ns 


RiseTime 
tr 
See Figure 16. (MOSFET switching 
times 
- 
20 
29 
ns 


Turn-Off 
Delay Time 
lct(OFF) 
are essentially independent 
of operating 
- 
35 
56 
temperature) 
ns 


Fall Time 
tf 
- 
15 
24 
ns 


Total Gate Charge 
Og 
VGS = 10V,tD = 5.5A, VDS = 0.8 Max 
- 
21 
35 
nC 
(Gate-Source 
+ Gate-Drain) 
Rating. See Figure 17 for test circuit. 


Gate-Source 
Charge 
Oos 
(Gate charge is essentially independent 
of 
- 
4 
- 
nC 


Gate-Drain 
("Miller") 
Charge 
Ood 
operating temperature.) 
- 
17 
- 
nC 


Internal Drain Inductance 
LD 
Measured between 
Modified MOSFET 
- 
5.0 
- 
nH 
the contact screw on 
symbol shOWing the 
header that is closer 
internal device 
to source and gate 
inductances. 


pins and center of 


~ 


center of die. 


Internal Source Inductance 
LS 
Measured from the 
- 
12.5 
- 
nH 


source lead, 6mm 
G 
I 
(0.25") from header 
LS 
and source bonding 
pad. 
S 


Junction-te-Case 
ReJC 
- 
- 
1.67 
°CIW 
Case-to-Sink 
Recs 
Mounting surface flat, smooth and greased 
- 
0.1 
- 
°CIW 


Junction-te-Ambient 
ReJA 
Free air operation 
- 
- 
30 
°CIW 


Continuous 
SOUfce Current 
IS 
Modified MOSFET 


~ 


- 
- 
5.5 
A 
(Body Diode) 
symbol showing the 


Pulse Source Current 
ISM 
integral reverse 
- 
- 
22 
A 
(Body Diode) (Note 3) 
P-N junco rectifier. 


Diode Forward Voltage (Note 2) 
VSD 
TJ = +250C,IS 
= 5.5A, VGS = OV 
- 
- 
1.6 
V 


Reverse Recovery Time 
trr 
TJ - +250C, IF - 5.5A, dIF/dt- 
100A/~s 
140 
400 
660 
ns 


Reverse Recovered Charge 
°RR 
TJ - +250C,IF 
- 5.5A, dtF/dt = 100A/~s 
0.93 
2.4 
4.3 
~C 
Forward Turn on Time 
tON 
Intrinsic turn-on 
time is negligible. Turn-on 
- 
- 
- 
speed is substantially 
controlled 
by LS + LD. 


NOTES: 
1. TJ = +250C 
to +1500C 
2. Pulse Test: 
Pulse width 
~ 300~s. 
Duty Cycle ~ 2% 


3. Repetitive Rating: 
Pulse width limited by max. 


junction 
temperature. 
See Transient 
Thermal 
Impedance 
Curve (Figure 5) 
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mHARRIS 
'RF340/341/342/343 
'RF340R/341R/342R/343R 


N-Channel 
Power MOSFETs 
Avalanche 
Energy Rated* 


• 10A and 8.3A, 400V - 350V 


• rDS(on) = 0.550 
and 0.800 


• Single Pulse Avalanche Energy Rated* 


• SOA is Power-Dissipation 
Limited 


• Nanosecond Switching Speeds 


• Linear Transfer Characteristics 


• High Input Impedance 


TO-204AA 
BonOMVIEW 


DRAIN 
SOU~LANGE)o 
GATE 


Description 


The IRF340, IRF341, IRF342, and IRF343 are n-channel 
enhancement-mode silicon-gate 
power field-effect transis· 
tors. IRF340R, IRF341R, IRF342R, and IRF343R types are 
advanced power MOSFETs designed, tested, and guaranteed 
to withstand a specified level of energy in the breakdown 
avalanche mode of operation. All of these power MOSFETsare 
designed 
for 
applications 
such 
as switching 
regulators, 
switching converters, motor drivers, relay drivers, and drivers 
for high-power 
bipolar switching transistors requiring high 
speed and low gate-drive power. Thesetypes can be operated 
directly from integrated circuits. 


The IRF types are supplied in the JEDEC TO-204AA steel 
package. 


Terminal Diagram 


N-CHANNEL 
ENHANCEMENT 
MODE 


IRF340 
IRF341 
IRF342 
IRF343 
IRF340R 
IRF341R 
IRF342R 
IRF343R 
UNITS 


Drain-Source Voltage (1) ............................ 
VDS 
400 
350 
400 
350 
V 
Drain-Gate Voltage (RGS = 20kO) (1) .......•........ 
VDGR 
400 
350 
400 
350 
V 
Continuous Drain Current 
TC = +250C 
................•.....•••.......•••.... 
ID 
10 
10 
8.3 
8.3 
A 
TC = +1000C 
.....................•••........••.•.. 
ID 
6.3 
6.3 
5.2 
5.2 
A 
Pulsed Drain Current (3) .............................. 
IDM 
40 
40 
33 
33 
A 
Gate-Source Voltage 
............................... 
VGS 
±20 
±20 
±20 
±20 
V 
Maximum Power Dissipation ........................... 
PD 
125 
125 
125 
125 
W 
Linear Derating Factor .•••....•••........................ 
1.0 
1.0 
1.0 
1.0 
W/oC 
Inductive Current, Clamped .............•..•.•...•.... 
ILM 
40 
40 
32 
32 
A 
(See Figure 14, L = 1OO~H) 
Single Pulse Avalanche Energy Rating (4) ••.•.......... 
Eas' 
520 
520 
520 
520 
mJ 
Operating and Storage Junction .................. 
TJ, TSTG 
-5510+150 
-55to+150 
-5510 +150 
-5510+150 
oC 
Temperature Range 
Maximum Lead Temperature for Soldering ...........••.. 
TL 
300 
300 
300 
300 
oC 
(0.063" (1.6mm) from case for 10s) 


NOTES: 


1. TJ = +2SoC to +IS00C. 


2. Pulse Test: 
Pulse width S 300~s, Duty Cycle S. 2%. 


3. Repetitive Rating: Pulse width 
limited by 
Max 
junction temp. See 
Transient Thermal 
Impedance 
Curve (Figure 5). 


• 
R Suffix Types Only 


4. VDD = 
SOV. starting 
TJ = 
+2SoC. 
L 
IpEAK - 
lOA. See Figure IS. 


LIMITS 


CHARACTERISTIC 
SYMBOL 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Drain-Source 
Breakdown 
Voltage 
BVOSS 
VGS = OV, 10 = 250flA 
IRF340/342,IRF340R/342R 
400 
- 
- 
V 


IRF341 /343,IRF341 
R/343R 
350 
- 
- 
V 


Gate Threshold 
Voltage 
VGSfTHl 
VOS - VGS, 10 - 250~A 
2.0 
- 
4.0 
V 


Gate-Source 
Leakage Forward 
IGSS 
VGS - 20V 
- 
- 
100 
nA 


Gate-Source 
Leakage Reverse 
IGSS 
VGS--20V 
- 
- 
-100 
nA 


Zero Gate Voltage Drain Current 
lOSS 
VOS - Max Rating, VGS - OV 
- 
- 
250 
~A 


VOS - Max Rating x 0.8, VGS - OV, 
- 
- 
1000 
flA 
TJ=+1250C 


On-State 
Drain Current (Note 2) 
10(ON) 
VOS> 
JO(ON) x rOS(ON) Max, VGS - 10V 
IRF340/341,IRF340R/341 
R 
10 
- 
- 
A 


IRF342/343,IRF342R/343R 
8.3 
- 
- 
A 


Static Drain-Source 
On-State 
rOS(ON) 
VGS = 1OV,IO = 5.2A 
Resistance 
(Note 2) 
IRF340/341,IRF340R/341 
R 
- 
0.4 
0.55 
0 


IRF342/343,IRF342R/343R 
- 
0.5 
0.80 
0 


Forward Transconductance 
(Note 2) 
9fs 
VOS> 
50V, 10 = 5.2A 
5.8 
8 
- 
S(U) 


Input Capacitance 
CISS 
VGS = OV,VOS = 25V, f = 1.0MHz 
- 
1250 
- 
pF 


Output Capacitance 
COSS 
See Figure 10 
- 
300 
- 
pF 


Reverse Transfer Capacitance 
CRSS 
- 
80 
- 
pF 


Turn-On 
Delay Time 
tdCONI 
VOO - 200V,10'" 
10A,RG 
-9.10 
- 
17 
21 
ns 


RiseTime 
tr 
See Figure 16. (MOSFET switching times 
- 
27 
41 
ns 


Turn-Off 
Delay Time 
!dCOFF) 
are essentially independent 
of operating 
- 
45 
75 
ns 
temperature) 
Fall Time 
tf 
- 
20 
36 
ns 


Total Gate Charge 
Og 
VGS - 1OV,IO - 1OA,VOS - 0.8 Max 
- 
41 
63 
nC 
(Gate-Source 
+ Gate-Drain) 
Rating. See Figure 17 for test circuit 


Gate-Source 
Charge 
OqS 
(Gate charge is essentially independent 
of 
- 
7 
- 
nC 


Gate-Drain 
("Miller") 
Charge 
Oqd 
operating temperature.) 
- 
23 
- 
nC 


Internal Drain Inductance 
LO 
Measured between 
Modified MOSFET 
- 
5.0 
- 
nH 
the contact screw on 
symbol showing the 
header that is closer 
internal device 
to source and gate 
inductances. 


pins and center of 


~ 


center of die. 


Internal Source Inductance 
LS 
Measured from the 
- 
12.5 
- 
nH 
source lead, 6mm 
(0.25") from header 
LS 
and source bonding 
pad. 
S 


Junction-to-Case 
RaJC 
- 
- 
1.0 
°CIW 
Case to-Sink 
Racs 
Mounting surface flat, smooth and greased 
- 
0.1 
- 
°CIW 
Junction-to-Ambient 
RaJA 
Free air operation 
- 
- 
30 
°CIW 


Continuous 
Source Current 
IS 
Modified MOSFET 


~ 


- 
- 
10 
A 
(Body Diode) 
symbol showing the 


Pulse Source Current 
ISM 
integral reverse 
- 
- 
40 
A 
(Body Diode) (Note 3) 
P-N junco rectifier. 


Diode Forward Voltage (Note 2) 
VSO 
TJ = +250C,IS 
= 10A, VGS = OV 
- 
- 
2.0 
V 
Reverse Recovery Time 
trr 
TJ - +250C,IF 
-10A,dIF/dt 
-100N~s 
170 
350 
790 
ns 
Reverse Recovered Charge 
°RR 
TJ - +250C,IF 
-10A,dIF/dt 
-100N~s 
1.6 
4.0 
8.2 
~C 
Forward Turn-on 
Time 
tON 
Intrinsic turn-on 
time is negligible. Turn on 
- 
- 
- 
- 
speed is substantially 
controlled 
by LS + LO' 


NOTES: 
1. TJ = +250C 
to +1500C 
2. Pulse Test: Pulse width S300jJS, 


Duty Cycle 5 2% 


3. Repetitive Rating: 
Pulse width limited by max. 


junction 
temperature. 
See Transient 
Thermal 
Impedance 
Curve (Figure 5) 
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l!IHARRIS 
'RF350/351/352/353 
'RF350R/351R/352R/353R 


N-Channel Power MOSFETs 
Avalanche Energy Rated* 


Features 


• 13A and 15.0A, 350V - 400V 


• rDS(on) = 0.30. and 0.40. 


• Single Pulse Avalanche Energy Rated· 


• SOA is Power-Dissipation 
Limited 


• Nanosecond Switching Speeds 


• Linear Transfer Characteristics 


DRAIN 
SOU~LANGE)o 
GATE 


Description 


The IRF350, IRF351, IRF352, and IRF353 are n-channel 
enhancement-mode silicon-gate power field-effect transis· 
tors. IRF350R, IRF351R, IRF352R and IRF353R types are 
advanced power MOSFETs designed, tested, and guaranteed 
to withstand a specified level of energy in the breakdown 
avalanche mode of operation. All of these power MOSFETsare 
designed 
for 
applications 
such 
as switching 
regulators, 
switching converters, motor drivers, relay drivers, and drivers 
for high-power 
bipolar switching transistors requiring high 
speed and low gate-drive power. Thesetypes can be operated 
directly from integrated circuits. 


The IRF types are supplied in the JEDEC TO-204M 
steel 
package. 


Terminal Diagram 


N-CHANNEL 
ENHANCEMENT 
MODE 


D 


G~ 


S 


IRF350 
IRF351 
IRF352 
IRF353 
IRF350R 
IRF351R 
IRF352R 
IRF353R 
UNITS 


Drain-Source Voltage (1) .....••....•............•••• 
VDS 
400 
350 
400 
350 
V 
Drain-Gate Voltage (RGS = 20kO) (1) ••••........•••• 
VDGR 
400 
350 
400 
350 
V 
Continuous Drain Current 
TC = +250C 
....................................... 
10 
15 
15 
13 
13 
A 
TC = +1000C 
..................•................... 
10 
9.0 
9.0 
8.0 
8.0 
A 
Pulsed Drain Current (3) .............................. 
10M 
60 
60 
52 
52 
A 
Gate-Source Voltage 
.....•......•.....••.•.•....... 
VGS 
±20 
±20 
±20 
±20 
V 
Maximum Power Dissipation 
TC = +250C 
..••................................... 
Po 
150 
150 
150 
150 
W 
Linear Derating Factor ..••.....••......••.•.......•..•... 
1.2 
1.2 
1.2 
1.2 
WloC 
Inductive Current, Clamped ....••.....•••.........•..• 
ILM 
60 
60 
52 
52 
A 
(See Figure 14, L = 1OO~H) 
Single Pulse Avalanche Energy Rating (4) ..........•.... 
EAS* 
700 
700 
700 
700 
mj 
Operating and Storage Junction .................. 
TJ, TSTG 
-55to+150 
-55to+15O 
-55 to +150 
-55 to +150 
°C 
Temperature Range 
Maximum Lead Temperature for Soldering ............... 
TL 
300 
300 
300 
300 
°C 
(0.063" (1.6mm) from case for 10s) 


NOTES: 


1. TJ = +250C 
to +1500C. 
4. VOO = 40V. slarling 
TJ = +250C. 
L = 5.66mH, 
Ras 
= 50n, 
IpEAK = 
2. Pulse Test: Pulse width ~ 300J.ls. Duty Cycle S 2%. 
15A. S90 Figure 15. 


3. Repetitive rating: Pulse width limited by maximum junction temperature. 


See Transient 
Thermal 
Impedance 
Curve (Figure 
5). 


·R Suffix Types Only 


~ 
••• w 
w ••• 
zen 
zO 
ce::E 
::c= 
"'w'3 
zo0.. 


LIMITS 


CHARACTERISTIC 
SYMBOL 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Drain-Source Breakdown Voltage 
BVDSS 
VGS - OV,ID - -250~A 
IRF350/352,IRF350R/352R 
400 
- 
- 
V 


IRF351/353,IRF351 
R/353R 
350 
- 
- 
V 


Gate Threshold Voltage 
VGSITH\ 
VOS - VGS, 10 - 250~A 
2.0 
- 
4.0 
V 


Gate-Source Leakage Forward 
IGSS 
VGS- 
20V 
- 
- 
100 
nA 


Gate-Source Leakage Reverse 
IGSS 
VGS--20V 
- 
-100 
nA 


Zero Gate Voltage Orain Current 
lOSS 
VOS - Max Rating, VGS - OV 
- 
250 
~A 


VOS - Max Rating x 0.8, VGS - OV, 
- 
- 
1000 
~ 
TJ = +1250C 


On-State Orain Current (Note 2) 
10(ON) 
VOS> 10(ON) x rOS(ON) Max, VGS = 10V 
IRF350/351,IRF350R/351 
R 
15 
- 
- 
A 


IRF352/353,IRF352R/353R 
13 
- 
- 
A 


Static Orain-Source On-State 
rOS(ON) 
VGS-10V,10 
-8.0A 
Resistance (Note 2) 
IRF350/351,IRF350R/351 
R 
- 
0.25 
0.3 
0 


IRF352/353,IRF352R/353R 
- 
0.3 
0.4 
0 


Forward Transconductance 
(Note 2) 
gts 
VOS> 10eON)x rOSION\Max,IO - 8.0A 
8.0 
10 
- 
Sm) 
Input Capacitance 
CISS 
VGS - OV,VOS - 25V, f - 1.0MHz 
- 
2000 
- 
pF 


Output Capacitance 
COSS 
See Figure 10 
- 
400 
- 
pF 


Reverse Transfer Capacitance 
CRSS 
- 
100 
- 
pF 


Turn-On OelayTime 
tdCON) 
VOO '" 180V,I0 
- 8.0A, Zo - 4.70 
- 
- 
35 
ns 


RiseTime 
tr 
See Figure 16. (MOSFET sWitching times 
- 
- 
65 
ns 


Turn-Off Oelay Time 
!dIOFF) 
are essentially independent of operating 
- 
- 
150 
temperature) 
ns 


Fall Time 
tf 
- 
- 
75 
ns 


Total Gate Charge 
Og 
VGS - 10V, 10 - 18A, VOS - 0.8V Max 
- 
79 
120 
nC 
(Gate-Source + Gate-Orain) 
Rating. See Figure 17 for test circuit. 


Gate-Source Charge 
Oas 
(Gate charge is essentially independent of 
- 
38 
- 
nC 


Gate-Orain ("Miller") Charge 
°ad 
operating temperature.) 
- 
41 
- 
nC 


Internal Orain Inductance 
LO 
Measured between 
Modified MOSFET 
- 
5.0 
nH 
the contact screw on 
symbol showing the 
header that is closer 
internal device 
to source and gate 
,O~ 


pins and center of 
center of die. 


Internal Source Inductance 
LS 
Measured from the 
- 
12.5 
- 
nH 
source lead, 6mm 
(0.25") from header 
LS 
and source bonding 
pad. 
S 


Junction-ta-Case 
RaJC 
- 
- 
0.83 
°C/W 
Case-to-Sink 
Racs 
Mounting surface flat, smooth and greased 
- 
0.1 
- 
oC/W 


Junction-ta-Ambient 
RaJA 
Free air operation 
- 
- 
30 
oC/W 


Continuous Source Current 
IS 
Modified MOSFET 


~ 


- 
- 
15 
A 
(Body Oiode) 
symbol showing the 
Pulse Source Current 
ISM 
integral reverse 
- 
- 
60 
A 
(Body Oiode) (Note 3) 
P-N juncorectifier. 


Oiode Forward Voltage (Note 2) 
VSO 
TJ = +250C,IS = 15A, VGS = OV 
- 
- 
1.6 
V 
Reverse Recovery Time 
trr 
TJ - +1500C,IF 
-15A, 
dlF/dt -100A/~s 
- 
1000 
- 
ns 
Reverse Recovered Charge 
°RR 
TJ - +1500C,IF 
-15A, 
dlF/dt -100A/~s 
- 
6.6 
- 
~C 
Forward Turn-on Time 
tON 
Intrinsic turn-on time is negligible. Turn-on 
- 
- 
speed is substantially controlled by LS + LO. 


NOTES: 
1. TJ = +250C 
to +1500C 


2. Pulse Test: 
Pulse wkHh :$..300lJ.s. 
Duty Cycle ~ 2% 


3. Repetitive Rating: 
Pulse width limited by max. 


junction 
temperature. 
See Transient 
Thermal 
Impedance 
Curve (Figure 5) 
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• 25A and 22A, 400V 


• rOs(on) = 0.200 
and 0.250 


• Single Pulse Avalanche Energy Rated 


• SOA is Power-Dissipation 
Limited 


• Nanosecond 
Switching 
Speeds 


• Linear Transfer Characteristics 


• High Input Impedance 


Description 


The IRF360 and IRF362 are advanced power MOSFETs 
designed, tested, and guaranteed to withstand a specified level 
of energy in the breakdown avalanche mode of operation. 
These are n-channel enhancement-mode silicon gate power 
field-effect 
transistors 
designed for applications such as 
switching regulators, switching converters, motor drivers, relay 
drivers, and drivers for high-power bipolar switching transis· 
tors requiring high speed and low gate-drive power. These 
types can be operated directly from integrated circuits. 


The IRF-types are supplied in the JEDEC TO-204AE metal 
package. 


IRF360 
IRF362 
N-Channel Power MOSFETs 


Avalanche-Energy Rated 


TO-204AE 


BonOMVIEW 


DRAIN 
SOU~LANGE)o 
GATE 


Terminal Diagram 


N-CHANNEL 
ENHANCEMENT 
MODE 


Absolute 
Maximum 
RatIngs 
(TC = +250C), Unless Otherwise Specified 


IRF360 


Continuous 
Drain Current 
TC = +250C 
..••...•......•....•......................... 
10 
TC =+1000C 
.••.•.••....•.....•••.....•..•............•. 
10 
Pulsed Drain Current (1) ...........•..........••........••.. 
10M 
Gate-Source 
Voltage 
.•....••............................. 
VGS 
Maximum Power Dissipation 
TC = +250C 
..•.........•.........................•.•.... 
Po 
Linear Derating Factor ••...•••...•.•••...••••••.....•••••...•.. 
Single Pulse Avalanche Energy Rating (2) ..••••......•.••••... 
EAS 
See Figure 14 
Avalanche Current, Repetitive or Non-repetitive 
(1). • • . . • . . . . . .. 
IAR 
Operating 
and Storage Junction 
...............•........ 
TJ' TSTG 
Temperature 
Range 
Maximum Lead Temperature 
for Soldering 
TL 
(0.063" 
(1.6mm) from case for 10s) 


1. Repetitive rating: Pulse width limited by maximum junction temperature. 
See Transient 
Thermal 
Impedance 
Curve (Figure 
5). 


2. VDD = SOV. starting 
TJ = +2SoC. 
L = 2.BmH. RGS = 2Sn. 
Peak IL = 2SA. 


3. Pulse Test: 
Pulse width 
So 300~s. 
Duty Cycle ~ 2%. 


w 
WPC 
mj 


LIMITS 


CHARACTERISTIC 
SYMBOL 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Orain-Source 
Breakdown 
Voltage 
BVOSS 
VGS = OV,IO = 250lJA 
400 
- 
- 
V 


Gate Threshold Voltage 
VGSITH\ 
VOS = VGS, 10 = 250~A 
2.0 
- 
4.0 
V 


Gate-Source 
Leakage Forward 
IGSS 
VGS=20V 


L 
- 
- 
100 
nA 


Gate-Source 
Leakage Reverse 
IGSS 
VGS=-20V 
- 
- 
-100 
nA 


Zero Gate Voltage Orain Current 
lOSS 
VOS = Max Rating, VGS = OV 
- 
- 
250 
~A 


VOS = Max Rating x 0.8, VGS = OV, 
- 
- 
1000 
~A 
TJ=+1250C 


On-State 
Orain Current (Note 3) 
10(ON) 
VOS> 
10(ON) x rOS(ON) Max, VGS - 10V 
IRF360 
25 
- 
- 
A 


IRF362 
22 
- 
- 
A 


Static Orain-Source 
On-State 
rOS(ON) 
VGS -10V,10 
-14A 
Resistance (Note 3) 
IRF360 
- 
0.18 
0.20 
0 


IRF362 
- 
0.20 
0.25 
0 


Forward Transconductance 
(Note 3) 
9fs 
10S - 14A, VOS > 50V 
14 
21 
- 
Sm) 


Input Capacitance 
CISS 
VGS = OV,VOS = 25V, f = 1.0MHz 
- 
4000 
- 
pF 


Output Capacitance 
COSS 
See Figure 10 
- 
550 
- 
pF 


Reverse Transfer Capacitance 
CRSS 
- 
97 
- 
pF 


Turn-On 
OelayTime 
td(ONl 
VOO - 2OQV,I0 - 25A, RG - 4.30 
- 
22 
33 
ns 


RiseTime 
tr 
RO = 7.50. 
(MOSFET sWitching times 
- 
94 
140 
ns 


Turn-Off 
Oelay Time 
!dIOFF\ 
are essentialiy independent 
of operating 
- 
80 
120 
temperature) 
ns 


FaliTime 
tf 
- 
66 
99 
ns 


Total Gate Charge 
Og 
VGS = 1OV,IO = 25A, VOS = 0.8V x Max 
- 
120 
170 
nC 
(Gate-Source 
+ Gate-Orain) 
Rating. See Figure 16 for test circuit. 


Gate-Source 
Charge 
Oas 
(Gate charge is essentialiy independent 
of 
- 
19 
- 
nC 


Gate-Orain 
("Miller") 
Charge 
Oad 
operating temperature.) 
- 
60 
- 
nC 


Internal Orain Inductance 
LO 
Measured between 
Modified MOSFET 
- 
5.0 
- 
nH 
the contact screw on 
symbol showing the 
header that is closer 
internal device 
to source and gate 
'"~ 


pins and center of 
center of die. 


Internal Source Inductance 
LS 
Measured from the 
- 
13 
- 
nH 
source lead, 6mm 
(0.25") from header 
LS 
and source bonding 
pad. 
S 


Junction-te-Case 
RaJC 
- 
- 
0.42 
°C/W 


Case-to-Sink 
Racs 
Mounting surface flat, smooth and greased 
- 
0.10 
- 
°C/W 
Junction-te-Ambient 
RaJA 
Free air operation 
- 
- 
30 
°e/W 


Continuous 
Source Current 
IS 
Modified MOSFET 


~ 


- 
- 
25 
A 
(Body Oiode) 
symbol showing the 


Pulse Source Current 
ISM 
integral reverse 
- 
- 
100 
A 
(Body Oiode) (Note 3) 
P-N junco rectifier. 


Oiode Forward Voltage (Note 2) 
VSO 
TJ = +250C,IS 
= 25A, VGS = OV 
- 
- 
1.8 
V 


Reverse Recovery Time 
trr 
TJ = +250C, IF = 25A, dlF/dt = 1OOA/~s 
200 
460 
1000 
ns 


Reverse Recovered Charge 
°RR 
TJ = +250C,IF 
= 25A, dlF/dt = 1OOA/~s 
3.1 
7.1 
16 
~C 
Forward Turn-on 
Time 
tON 
Intrinsic turn-on time is negligible. Turn-on 
- 
- 
- 
- 
speed is substantialiy 
controlied 
by LS + LO. 


NOTES: 
1. Repetitive Rating: 
Pulse width limited by max. junction temperature. 
See 
Transient Thermal 
Impedance 
Curve (Figure 5) 


2. Vpp = SOY. Starting 
TJ = +2SoC, 
L = 2.8mH. 
IL = 2SA 
3. Pulse Test: 
Pulse width:$. 300/Js, Duty Cycle ~ 2% 
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Features 


• 2.2A and 2.SA, 4S0V - SOOV 


• rDs(on) = 3.00 and 4.00 


• SOA is Power-Dissipation 
Limited 


• Nanosecond Switching Speeds 


• Linear Transfer Characteristics 


• High Input Impedance 


• Majority Carrier Device 


Description 


The IRF420, IRF421, IRF422, and IRF423 are n-channel 
enhancement mode silicon-gate power field-effect transistors 
designed for 
applications 
such 
as switching 
regulators, 
switching converters, motor drivers, relay drivers, and drivers 
for high-power bipolar switching transistors requiring high 
speed and low gate-drive power.Thesetypes can be operated 
directly from integrated circuits. 


The IRF-types are supplied in the JEDEC TO-204M 
steel 
package. 


'RF420, 'RF421 
'RF422, 'RF423 


N-Channel Enhnancement Mode 
Power Field-Effect Transistors 


TO-204M 
BonOMVIEW 


DRAIN 
SOU~LANGE)o 
GATE 


Terminal Diagram 


N-CHANNEL 
ENHANCEMENT 
MODE 


Orain-Source Voltage (1) ......•...................•. 
VOS 
Orain-Gate Voltage (RGS = 20kO) (1) ...........••.•• 
VOGR 
Continuous Drain Current 
TC = +250C 
10 
TC =+1000C 
.•............•........•......•.•..... 
10 
Pulsed Orain Current (3) ......•••.....••. 
, ......•••... 
10M 
Gate-Source Voltage 
.••.....••.......••...........• 
VGS 
Maximum Power Oissipation 
TC = +250C 
Po 
linear Derating Factor 
. 
Inductive Current, Clamped ......•......................... 
(See Figures 14 & 15, L = 1OO~H) 
Operating and Storage Junction 
TJ, TSTG 
Temperature Range 
. 


Maximum Lead Temperature for Soldering 
TL 
(0.063" (1.6mm) from case for 10s) 


NOTES: 


1. TJ = +2SoC to +1S00C 
2. Pulse Test: Pulse width.5 
300~s. Duty Cycle.5. 2%. 


IRF420 
IRF421 
IRF422 
IRF423 
UNITS 


500 
450 
500 
450 
V 
500 
450 
500 
450 
V 


2.5 
2.5 
2.2 
2.2 
A 
1.6 
1.6 
1.4 
1.4 
A 
10 
10 
8.0 
8.0 
A 
±20 
±20 
±20 
±20 
V 


50 
50 
50 
50 
W 
0.4 
0.4 
0.4 
0.4 
WloC 
10 
10 
8.0 
8.0 
A 


-55to+150 
-55to 
+150 
-55 to +150 
-55to 
+150 
°C 


300 
300 
300 
300 
°C 


3. Repetitive rating: Pulse width limited by maximum junction temperature. 
See Transient 
Thermal 
Impedance 
Curve (Figure 
5). 
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LIMITS 


CHARACTERISTIC 
SYMBOL 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Drain-Source 
Breakdown 
Voltage 
BVOSS 
VGS = OV,lo = 250fJA 
IRF420,IRF422 
500 
- 
- 
V 


IRF421,IRF423 
450 
- 
- 
V 


Gate Threshold Voltage 
VGSITHl 
VOS = VGS, 10 = 250~A 
2.0 
- 
4.0 
V 


Gate-Source 
Leakage Forward 
IGSS 
VGS= 
20V 
- 
- 
100 
nA 


Gate-Source 
Leakage Reverse 
IGSS 
VGS=-20V 
- 
- 
-100 
nA 


Zero Gate Voltage Drain Current 
lOSS 
VOS - Max Rating, VGS - OV 
- 
- 
250 
~A 


VOS - Max Rating x 0.8, VGS - OV, 
- 
- 
1000 
~A 
TJ = +1250C 


On-State 
Drain Current (Note 2) 
10(ON) 
VOS> 
10(ON) x rOS(ON) Max, VGS = 10V 
IRF420,IRF241 
2.5 
- 
- 
A 
IRF242,IRF243 
2.2 
- 
- 
A 
Static Drain-Source 
On-State 
rOS(ON) 
VGS -10V,10 
-1.4A 
Resistance 
(Note 2) 
IRF420,IRF241 
- 
2.5 
3.0 
0 
IRF242,IRF243 
- 
3.0 
4.0 
0 
Forward Transconductance 
(Note 2) 
gts 
VOS> 
50V, 10 - 1.4A 
1.5 
2.3 
- 
Sm) 
Input Capacitance 
CISS 
VGS - OV,VOS = 25V, f - 1.0MHz 
- 
300 
- 
pF 


Output Capacitance 
COSS 
See Figure 10 
- 
75 
- 
pF 
Reverse Transfer Capacitance 
CRSS 
- 
20 
- 
pF 


Turn-On 
OelayTime 
tdlONl 
VOO - 250V, 10 - 2.5A, RG - 180 
- 
10 
15 
ns 


RiseTime 
tr 
See Figure 16. (MOSFET switching 
times 
- 
12 
18 
ns 
Turn-Off 
Delay Time 
lc!iOFFl 
are essentially independent 
of operating 
- 
28 
42 
temperature) 
ns 


Fall Time 
tf 
- 
12 
18 
ns 
Total Gate Charge 
Og 
VGS - 1OV,IO - 2.5A, VOS - 0.8 Max 
- 
11 
19 
nC 
(Gate-Source 
+ Gate-Orain) 
Rating. See Figure 17 for test circuil. 


Gate-Source 
Charge 
0QS 
(Gate charge is essentially independent 
of 
- 
5.0 
- 
nC 


Gate-Orain 
("Miller") 
Charge 
°Qd 
operating temperature.) 
- 
6.0 
nC 
- 
Internal Drain Inductance 
LO 
Measured between 
Modified MOSFET 
- 
5.0 
- 
nH 
the contact screw on 
symbol showing the 
header that is cioser 
internal device 
to source and gate 
inductances. 


pins and center of 


~ 


center of die. 


Internal Source Inductance 
LS 
Measured from the 
- 
12.5 
- 
nH 
source lead, 6mm 
G 
I 
(0.25") from header 
LS 
and source bonding 
pad. 
S 
Junction-to-Case 
ROJC 
- 
- 
2.5 
°C/W 
Case-to 
Sink 
ROCS 
Mounting surface fiat, smooth and greased 
- 
0.1 
- 
°C/W 
Junction-to-Ambient 
ROJA 
Free air operation 
- 
- 
30 
°C/W 


Continuous 
Source Current 
IS 
Modified MOSFET 


~ 


- 
- 
2.5 
A 
(Body Oiode) 
symbol showing the 


Pulse Source Current 
ISM 
integral reverse 
- 
- 
10 
A 
(Body Diode) (Note 3) 
P-N junco rectifier. 


Diode Forward Voltage (Note 2) 
VSO 
TJ = +250C, IS = 2.5A, VGS = OV 
- 
- 
1.4 
V 
Reverse Recovery Time 
trr 
TJ = +250C,IF 
- 2.5A, dlF/dt - 100A/~s 
130 
270 
540 
ns 


Reverse Recovered Charge 
°RR 
TJ - +250C, IF - 2.5A, dlF/dt = 1OOA/~s 
0.57 
1.2 
2.3 
~C 
Forward Turn-on 
Time 
tON 
Intrinsic turn-on 
time is negligible. Turn-on 
- 
- 
- 
- 


speed is substantially 
controlled 
by LS + LO. 


NOTES: 
1. TJ = +2SoC 
to +1S00C 
2. Pulse Test: Pulse width $. 300~s. Duty Cycle $. 2% 
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Features 


• 4.0A 
and 
4.SA, 
4S0V 
- SOOV 


• rDS(on) 
= 1.Sfl. 
and 
2.0fl. 


• Single 
Pulse 
Avalanche 
Energy 
Rated· 


• SOA 
is Power-Dissipation 
Limited 


• Nanosecond 
Switching 
Speeds 


• Linear 
Transfer 
Characteristics 


DRAIN 
SOU~LANGE)o 
GATE 


Description 


The 
IRF430, 
IRF431, 
IRF432, 
and 
IRF433 
are 
n-channel 
enhancement-mode 
silicon-gate 
power 
field-effect 
transis' 
tors. 
IRF430R, 
IRF431 R, IRF432R 
and 
IRF433R 
types 
are 
advanced 
power 
MOSFETs 
designed, 
tested, 
and guaranteed 
to 
withstand 
a specified 
level 
of 
energy 
in the 
breakdown 
avalanche 
mode of operation. 
All of these 
power 
MOSFETs 
are 
designed 
for 
applications 
such 
as 
switching 
regulators, 


switching 
converters, 
motor 
drivers, 
relay drivers, 
and drivers 
for 
high-power 
bipolar 
switching 
transistors 
requiring 
high 
speed 
and low gate-drive 
power. 
These types can be operated 
directly 
from 
integrated 
circuits. 


The 
IRF types 
are 
supplied 
in the 
JEDEC 
TO-204M 
steel 
package. 


Terminal Diagram 


N-CHANNEL 
ENHANCEMENT 
MODE 


IRF430 
IRF431 
IRF432 
IRF433 
IRF430R 
IRF431R 
IRF432R 
IRF433R 
UNITS 


Drain-Source Voltage (1) ............................ 
VDS 
500 
450 
500 
450 
V 
Drain-Gate Voltage (RGS = 20kO) (1) ................ 
VOGR 
500 
450 
500 
450 
V 
Continuous Drain Current 
TC = +250C ....................................... 
10 
4.5 
4.5 
4.0 
4.0 
A 
TC = +1 OooC ...........•.......................... 
10 
3.0 
3.0 
2.5 
2.5 
A 
Pulsed Drain Current (3) .............................. 
10M 
18 
18 
16 
16 
A 
Gate-Source Voijage 
............................... 
VGS 
±20 
±20 
±20 
±20 
V 
Maximum Power Dissipation 
TC = +250C ....................................... 
Po 
75 
75 
75 
75 
W 
Unear Derating Factor ................................... 
0.6 
0.6 
0.6 
0.6 
W/oC 


Inductive Current, Clamped ...................•....... 
ILM 
18 
18 
16 
16 
A 


(See Figure 14, L = 100J.lH) 
Single Pulse Avalanche Energy Rating (4) ............... 
EAS* 
300 
300 
300 
300 
mj 
Operating and Storage Junction .................. 
TJ, TSTG 
-55to+150 
-55to 
+150 
-55 to +150 
-55to+150 
°C 
Temperature Range 
Maximum Lead Temperature for Soldering ............... 
TL 
300 
300 
300 
300 
°C 
(0.063" (1.6mm) from case for 10s) 


NOTES: 


1. TJ = +2SoC to +1 500C. 
4. VDD = SOV.starting TJ = +2SoC,l 
= 2SmH, RGS = 200. 
IpEAK = 4.SA. 


2. Pulse Test: Pulse width ~ 300J.ls, Duty Cycie ~ 2%. 
See Figure 15. 


3. Repetitive 
rating: Pulse width limited by maximum 
junction 
temperature. 


See Transient 
Thermal 
Impedance 
Curve (Figure 
5). 
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UMITS 


CHARACTERISTIC 
SYMBOL 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Orain-Source 
Breakdown 
Voltage 
BVOSS 
VGS = OV,10 = 2501JA 
IRF430/432,IRF430R/432R 
500 
- 
- 
V 


IRF431 /433,IRF431 
R/433R 
450 
- 
- 
V 


Gate Threshold Voltage 
VGSITHI 
VOS - VGS, 10 - 250~A 
2.0 
- 
4.0 
V 


Gate-Source 
Leakage Forward 
IGSS 
VGS - 20V 
- 
- 
100 
nA 


Gate-Source 
Leakage Reverse 
IGSS 
VGS--20V 
- 
- 
-100 
nA 


Zero Gate Voltage Drain Current 
lOSS 
VOS = Max Rating, VGS - OV 
- 
- 
250 
IJA 


VOS = Max Rating x 0.8, VGS = OV, 
- 
- 
1000 
IJA 
TJ=+1250C 


On-State 
Orain Current (Note 2) 
10(ON) 
VOS> 
10(ON) x rOS(ON) Max, VGS - 10V 
IRF430/431,IRF430R/431 
R 
4.5 
- 
- 
A 


IRF432/433,IRF432R/433R 
4.0 
- 
- 
A 


Static Orain-Source 
On-State 
rOS(ON) 
VGS - 1OV,IO - 2.5A 
Resistance (Note 2) 
IRF430/431,IRF430R/431 
R 
- 
1.3 
1.5 
0 


IRF432/433,IRF432R/433R 
- 
1.5 
2.0 
0 


Forward Transconductance 
(Note 2) 
gts 
VOS> 
50V, 10 - 2.5A 
2.7 
3.2 
- 
Sm) 


Input Capacitance 
CISS 
VGS - OV,VOS - 25V, f - 1.0MHz 
- 
600 
- 
pF 


Output Capacitance 
COSS 
See Figure 10 
- 
100 
- 
pF 


Reverse Transfer Capacitance 
CRSS 
- 
30 
- 
pF 


Turn-On 
OelayTime 
tdfONl 
VOO - 250V,I0 
- 4.5A, RG - 120 
- 
11 
17 
ns 


RiseTime 
tr 
See Figure 16. (MOSFET sWitching times 
- 
15 
23 
ns 


Turn-Off 
Delay Time 
!dCOFFI 
are essentially independent 
of operating 
- 
35 
53 
temperature) 
ns 


Fall Time 
tf 
- 
15 
23 
ns 


Total Gate Charge 
Og 
VGS -10V,10 
- 6.0A, VOS - 0.8V Max 
- 
22 
32 
nC 
(Gate-Source 
+ Gate-Drain) 
Rating. See Figure 17 for test circuit 


Gate-Source 
Charge 
OQS 
(Gate charge is essentially independent 
of 
- 
3.5 
- 
nC 


Gate-Orain 
("Miller") 
Charge 
°Qd 
operating temperature.) 
- 
11 
- 
nC 


Internal Orain Inductance 
LO 
Measured between 
Modified MOSFET 
- 
5.0 
- 
nH 
the contact screw on 
symbol shoWing the 
header that is closer 
internal device 
to source and gate .~ 


pins and center of 
center of die. 


Internal Source Inductance 
lS 
Measured from the 
- 
12.5 
- 
nH 
source lead, 6mm 
(0.25") from header 
LS 
and source bonding 
pad. 
S 


Junction-ta-Case 
ROJC 
- 
- 
0.83 
°C/W 


Case-to-Sin 
k 
ROCS 
Mounting surface flat, smooth and greased 
- 
0.1 
- 
°C/W 
Junction-ta-Ambient 
ROJA 
Free air operation 
- 
30 
°C/W 


Continuous 
Source Current 
'S 
Modified MOSFET 


~ 


- 
- 
4.5 
A 
(Body Oiode) 
symbol showing the 


Pulse Source Current 
ISM 
integral reverse 
- 
- 
18 
A 
(Body Diode) (Note 3) 
P-N junco rectifier. 


Oiode Forward Voltage (Note 2) 
VSO 
TJ = +250C,IS 
= 4.5A, VGS = OV 
- 
- 
1.4 
V 


Reverse Recovery Time 
tf( 
TJ - +250C, IF - 4.5A, dlF/dt = 100Al~s 
180 
370 
760 
ns 


Reverse Recovered 
Charge 
°RR 
TJ - +250C,IF 
- 4.5A, dlF/dt - 100Al~s 
0.96 
2 
4.3 
~C 
Forward Turn-on 
Time 
tON 
Intrinsic turn-on time is negligible. Turn-on 
- 
- 
- 
- 
speed is substantially 
controlled 
by lS + lO. 


NOTES: 
1. TJ = +250C 
to +1500C 
2. Pulse Test: 
Pulse width < 300~s. 
Duty Cycle ~ 2% 


3. Repetitive Rating: 
Pulse width limited by max. 


junction 
temperature. 
See Transient 
Thermal 


Impedance 
Curve (Figure 5) 
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Features 


• 7A and 8A, 450V - 500V 


• rDS(on) = 0.850 
and 1.10 


• Single Pulse Avalanche Energy Rated· 


• SOA is Power-Dissipation 
Limited 


• Nanosecond Switching 
Speeds 


• Linear Transfer Characteristics 


• High Input Impedance 
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Description 


The IRF440, IRF441, IRF442, and IRF443 are n-channel 
enhancement-mode silicon-gate 
power field-effect 
transis- 
tors. IRF440R, IRF441R, IRF442R and IRF443R types are 
advanced power MOSFETs designed, tested, and guaranteed 
to withstand a specified level of energy in the breakdown 
avalanche mode of operation. All of these power MOSFETsare 
designed 
for 
applications 
such 
as 
switching 
regulators, 


switching converters, motor drivers, relay drivers, and drivers 
for high-power 
bipolar switching transistors requiring high 
speed and low gate-drive power. Thesetypes can be operated 
directly from integrated circuits. 


The IRF types are supplied in the JEDEC TO-204AA steel 
package. 


Terminal Diagram 


N-CHANNEL 
ENHANCEMENT 
MODE 


IRF440 
IRF441 
IRF442 
IRF443 
IRF440R 
IRF441R 
IRF442R 
IRF443R 
UNITS 


Drain-Source 
Voltage (1) ..•••...•••.•.......•....... 
VOS 
500 
450 
500 
450 
V 
Drain-Gate 
Voltage (RGS = 20kO) (1) •••.•...•••••••• 
VDGA 
500 
450 
500 
450 
V 
Continuous 
Drain Current 
TC = +250C 
..•••...••..•........••.....•.....••••• 
10 
8.0 
8.0 
7.0 
7.0 
A 
TC = +1 OOoC .•••..••••.•••••.......••.......•••••• 
10 
5.0 
5.0 
4.4 
4.4 
A 
Pulsed Drain Current (3) ••••...••••....••••••.....••.• 
IOM 
32 
32 
28 
28 
A 
Gate-Source 
Voltage 
...••.....•••••...•••••••...... 
VGS 
±20 
±20 
±20 
±20 
V 
Maximum Power Dissipation 
TC = +250C 
...••...•••••••••••..•••••••..•.....••. 
Po 
125 
125 
125 
125 
W 
Unear Derating Factor ................•.••..•......•••••• 
1.0 
1.0 
1.0 
1.0 
W/oC 
Inductive Current, Clamped 
•..•••••••••.••............ 
ILM 
32 
32 
28 
28 
A 
(See Figure 14, L = 1001lH) 
Single Pulse Avalanche Energy Rating (4) .•••••...•..••• 
EAS' 
510 
510 
510 
510 
mj 


Operating 
and Storage Junction 
••••.............. 
TJ, TSTG 
-55to+150 
-55 to +150 
-55 to +150 
-55to+150 
oC 
Temperature 
Range 
Maximum Lead Temperature 
for Soldering 
••........••••• 
TL 
300 
300 
300 
300 
oC 
(0.063" 
(1.6mm) from case for 10s) 


NOTES: 


1. TJ - 
+250C 
to +1SOoC. 
4. Voo 
- 50V. starting 
TJ - +250C. 
L - 
14mH. Ras - 250.lpEAK 
- SA. 


2. Pulse Test: 
Pulse width ~ 300118.Outy Cycle ~ 2%. 
See Figure 15. 


3. Repetitive 
rating: Pulse width 
limited by maximum 
junction 
temperature. 


See Transient 
Thermal 
Impedance 
Curve (Figure 
5). 
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CHARACTERISTIC 
SYMBOL 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Drain-Source 
Breakdown 
Voltage 
BVDSS 
VGS = OV, 10 = 250flA 
IRF440/442,IRF440R/442R 
500 
- 
- 
V 


IRF441 /443,IRF441 
R/443R 
450 
- 
- 
V 


Gate Threshold Voltage 
VGSfTHl 
VOS - VGS, 10 - 250~A 
2.0 
- 
4.0 
V 


Gate-Source 
Leakage Forward 
IGSS 
VGS - 20V 
- 
- 
100 
nA 


Gate-Source 
Leakage Reverse 
IGSS 
VGS--20V 
- 
- 
-100 
nA 


Zero Gate Voltage Orain Current 
lOSS 
VOS - Max Rating, VGS - OV 
- 
- 
250 
~A 


VOS - Max Rating x 0.8, VGS - OV, 
- 
- 
1000 
flA 
TJ=+1250C 


On-State 
Orain Current (Note 2) 
10{ON) 
VOS> 
10(ON) x rOS(ON) Max, VGS - 10V 
IRF440/441,IRF440R/441 
R 
8.0 
- 
- 
A 


IRF442/443,IRF442R/443R 
7.0 
- 
- 
A 


Static Orain-Source 
On-State 
rOS{ON) 
VGS = 10V,10 = 4.4A 
Resistance (Note 2) 
IRF440/441,IRF440R/441 
R 
- 
0.70 
0.85 
n 


IRF442/443,IRF442R/443R 
- 
0.85 
1.1 
n 


Forward Transconductance 
(Note 2) 
gts 
VOS > 50V, 10 = 4.4A 
4.9 
7.5 
- 
S{m 


Input Capacitance 
CISS 
VGS - OV,VOS - 25V, f - 1.0MHz 
- 
1225 
- 
pF 


Output Capacitance 
COSS 
See Figure 10 
- 
200 
- 
pF 


Reverse Transfer Capacitance 
CRSS 
- 
85 
- 
pF 


Turn-On 
OelayTime 
td(ON) 
VDO - 250V, 10 '" 8A, RG - 9.1n 
- 
15 
21 
ns 


RiseTime 
tr 
See Figure 16. (MOSFET switching 
times 
- 
22 
35 
ns 


Turn-Off 
Oelay Time 
'd(OFF) 
are essentially independent 
of operating 
- 
49 
74 
temperature) 
ns 


Fall Time 
tf 
- 
20 
30 
ns 


Total Gate Charge 
Qg 
VGS = 10V,I0 
= 8A, VOS = 0.8V Max 
- 
42 
63 
nC 
(Gate-Source 
+ Gate-Orain) 
Rating. See Figure 17 for test circuit. 


Gate-Source 
Charge 
Qas 
(Gate charge is essentially independent 
of 
- 
9 
- 
nC 


Gate-Orain 
("Miller") 
Charge 
Qad 
operating temperature.) 
- 
22 
- 
nC 


Internal Orain Inductance 
LO 
Measured between 
Modified MOSFET 
- 
5.0 
- 
nH 
the contact screw on 
symbol showing the 
header that is closer 
internal device 
to source and gate 
inductances. 


pins and center of 


~ 


center of die. 


Internal Source Inductance 
LS 
Measured from the 
- 
12.5 
- 
nH 
source lead, 6mm 
(O.25") from header 
LS 
and source bonding 
pad. 
S 


Junction-ta-Case 
RaJC 
- 
~ 
1.0 
oC/W 


Case-to-Sink 
Racs 
Mounting surface flat, smooth and greased 
- 
0.1 
- 
°C/W 
Junction-ta-Ambient 
RaJA 
Free air operation 
- 
- 
30 
°C/W 


Continuous 
Source Current 
IS 
Modified MOSFET 


~ 


- 
- 
8.0 
A 
(Body Oiode) 
symbol showing the 


Pulse Source Current 
ISM 
integral reverse 
- 
- 
32 
A 
(Body Oiode) (Note 3) 
P-N junco rectifier. 


- 


Oiode Forward Voltage (Note 2) 
VSO 
TJ = +250C, IS = 8.0A, VGS = OV 
- 
- 
2.0 
V 
Reverse Recovery Time 
trr 
TJ - +250C, IF - 8.0A,dIF/dt 
-100N~s 
210 
460 
970 
ns 


Reverse Recovered Charge 
QRR 
TJ - +250C,IF 
= 8.0A,dIF/dt-100A/~s 
2 
4 
8.9 
~C 
Forward Turn-on 
Time 
tON 
Intrinsic turn-on 
time is negligible. Turn-on 
- 
- 
- 
speed is substantially 
controlled 
by LS + LO. 


NOTES: 
1. TJ = +250C 10 +1500C 
2. Pulse Test: 
Pulse width < 300,,-5, 
Duly Cycle $'2% 


3. Repetitive Rating: 
Pulse width limited by max. 


junction 
temperature. 
See Transient 
Thermal 
Impedance 
Curve (Figure 5) 


Performance 
Curves 
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Performance Curves (Continued) 
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mHARRIS 
'RF450/451/452/453 


'RF450R/451R/452R/453R 


N-Channel Power MOSFETs 


Avalanche Energy Rated* 


Features 


• 11A and 13A, 4S0V - SOOV 


• rDs(on) = 0.40 
and 0.50 


• Single Pulse Avalanche Energy Rated* 


• SOA is Power-Dissipation 
Limited 


• Nanosecond Switching Speeds 


• Linear Transfer Characteristics 


• High Input Impedance 


DRAIN 
SOU~LANGE)o 
GATE 


Description 


The IRF450, IRF451, IRF452, and IRF453 are n-channel 
enhancement-mode silicon-gate power field-effect transis- 
tors. IRF450R, IRF451R, IRF452R and IRF453R types are 
advanced power MOSFETs designed, tested, and guaranteed 
to withstand a specified level of energy in the breakdown 
avalanche mode of operation. All of these power MOSFETsare 
designed for 
applications 
such 
as switching 
regulators, 
switching converters, motor drivers, relay drivers, and drivers 
for high-power 
bipolar switching transistors requiring high 
speed and low gate-drive power. Thesetypes can be operated 
directly from integrated circuits. 


The IRF types are supplied in the JEDEC TO-204AA steel 
package. 


Terminal 
Diagram 


N-CHANNEL 
ENHANCEMENT MODE 


D 


G~ 


S 


Drain-Source 
Voltage (1) .............•..........•... 
VDS 
Drain-Gate 
Voltage (RGS = 20kfl) 
(1) .•.............. 
VDGR 
Continuous 
Drain Current 
TC = +250C 
•...•••...•••....••.•.....•............ 
ID 
TC = +1 OOoC 
ID 
Pulsed Drain Current (3) •••....•••....••••••••..••...• 
IDM 
Gate-SourceVoltage 
.•..•....•......••..•.....•...• 
VGS 
Maximum Power Dissipation 
TC = +250C 
........•.............................• 
PD 
Linear Derating Factor .............•...........•.•....... 
Inductive Current, Clamped 
ILM 
(See Figure 14, L = 100MH) 
Single Pulse Avalanche 
Energy Rating (4) ......•••..•... 
EAS' 
Operating 
and Storage Junction 
TJ, TSTG 
Temperature 
Range 
Maximum Lead Temperature 
for Soldering 
...•.•••....... 
TL 
(0.063" 
(1.6mm) from case for 10s) 


IRF450 
IRF451 
IRF452 
IRF453 
IRF450R 
IRF451R 
IRF452R 
IRF453R 


500 
450 
500 
450 
500 
450 
500 
450 


13 
13 
11 
11 
8.1 
8.1 
7.2 
7.2 
52 
52 
44 
44 
±20 
±20 
±20 
±20 


125 
125 
125 
125 
1.2 
1.2 
1.2 
1.2 
52 
52 
48 
48 


860 
860 
860 
860 
-55to+150 
-55to+150 
-55to 
+150 
-55to+150 


300 
300 
300 
300 


NOTES: 


1. TJ = +250C 
to +1500c. 


2. 
Pulse 
Test; 
Pulse 
width 
~ 300vs, 
Duty 
Cycle 
.:5. 2%. 


3. Repetitive 
rating: 
Pulse width 
limited by maximum 
junction 
temperature. 
See Transient 
Thermal 
Impedance 
Curve (Figure 
5). 
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CAUTION: 
These devices 
are sensitive to electrostatic 
discharge. 
Proper I.e. handling 
procedures 
should 
be followed. 
Copyright © Harris CorporatiOn1991 


LIMITS 


CHARACTERISTIC 
SYMBOL 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Drain-Source 
Breakdown 
Voltage 
BVDSS 
VGS = OV,ID = 2501JA 
IRF450/452,IRF450R/452R 
500 
- 
- 
V 


IRF451 /453,IRF451 
R/453R 
450 
- 
- 
V 


Gate Threshold Voltage 
VGSCTHI 
VDS - VGS, ID - 250~A 
2.0 
- 
4.0 
V 


Gate-Source 
Leakage Forward 
IGSS 
VGS - 20V 
- 
- 
100 
nA 


Gate-Source 
Leakage Reverse 
IGSS 
VGS--20V 
- 
- 
-100 
nA 


Zero Gate Voltage Drain Current 
IDSS 
VDS = Max Rating, VGS = OV 
- 
- 
250 
~A 


VDS = Max Rating x 0.8, VGS = OV, 
- 
- 
1000 
~A 
TJ = +1250C 


On-State 
Drain Current (Note 2) 
ID(ON) 
VDS> 
ID(ON) x rDS(ON) Max, VGS - 10V 
IRF450/451, 
IRF450R/451 
R 
13 
- 
- 
A 


IRF452/453,IRF452R/453R 
11 
- 
- 
A 


Static Drain-Source 
On-State 
rDS(ON) 
VGS -10V, 
ID - 7.2A 
Resistance (Note 2) 
IRF450/451, 
IRF450R/451 
R 
- 
0.3 
0.4 
0 


IRF452/453,IRF452R/453R 
- 
0.4 
0.5 
0 


Forward Transconductance 
(Note 2) 
gts 
VDS> 
50V, ID = 7.2A 
6.0 
11 
- 
Sm) 


Input Capacitance 
CISS 
VGS = OV,VDS - 25V, f - 1.0MHz 
- 
1800 
- 
pF 


Output Capacitance 
COSS 
See Figure 10 
- 
400 
- 
pF 


Reverse Transfer Capacitance 
CRSS 
- 
100 
- 
pF 


Turn-On 
DelayTime 
tdlONl 
VDD - 250V, 10 '" 13A, RG - 6.20 
- 
20 
27 
ns 


RiseTime 
tr 
See Figure 16. (MOSFET SWitching times 
- 
40 
66 
ns 


Turn-Off 
Delay TIme 
!dIOFFI 
are essentially independent 
of operating 
- 
72 
100 
temperature) 
ns 


Fall Time 
tf 
- 
35 
60 
ns 


Total Gate Charge 
Og 
VGS - 1OV,10 - 13A, VDS - 0.8V Max 
- 
85 
130 
nC 
(Gate-Source 
+ Gate-Drain) 
Rating. See Figure 17 for test circuit. 


Gate-Source 
Charge 
OqS 
(Gate charge is essentially independent 
of 
- 
12 
- 
nC 


Gate-Drain 
("Miller") 
Charge 
Oqd 
operating temperature.) 
- 
42 
- 
nC 


Internal Drain Inductance 
LD 
Measured between 
Modified MOSFET 
5.0 
nH 
the contact screw on 
symbol showing the 
header that is closer 
internal device 
to source and gate 
inductances. 


pins and center of 


~ 


center of die. 


Internal Source Inductance 
LS 
Measured from the 
- 
12.5 
- 
nH 
source lead, 6mm 
(0.25") from header 
LS 
and source bonding 
pad. 
S 


Junction-ta-Case 
R9JC 
- 
- 
0.83 
oC/W 


Case-to-Sink 
Racs 
Mounting surface flat, smooth and greased 
- 
0.1 
- 
oC/W 


Junction-ta-Ambient 
RaJA 
Free air operation 
- 
- 
30 
°C/W 


Continuous 
Source Current 
IS 
Modified MOSFET 


~ 


- 
- 
13 
A 
(Body Diode) 
symbol showing the 


Pulse Source Current 
ISM 
integral reverse 
- 
- 
52 
A 
(Body Diode) (Note 3) 
P-N junco rectifier. 


Diode Forward Voltage (Note 2) 
VSD 
TJ = +250C,IS = 13A, VGS = OV 
- 
- 
1.4 
V 


Reverse Recovery Time 
trr 
TJ - +250C, IF -13A,dIF/dt 
-l00Al~s 
280 
600 
1200 
ns 


Reverse Recovered 
Charge 
°RR 
TJ - +250C,IF 
- 13A, dIF/dt- 
l00A/~s 
3.2 
7.5 
14 
~C 
Forward Turn-on 
Time 
tON 
Intrinsic turn-on 
time is negligible. Turn-on 
- 
- 
- 
- 
speed is substantially 
controlled 
by LS + LD' 


NOTES: 
1. TJ = +250C to +1500C 
2. Pulse Test: Pulse width < 300~s. 


Duty Cycle ~2'lb 


3. Repetitive Rating: Pulse width limited by max. 


junction 
temperature. 
See Transient 
Thermal 
Impedance 
Curve (Figure 
5) 
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El)HARRIS 


• 21A and 19A, 500V 


• rDS(on) = 0.270 
and 0.350 


• Single Pulse Avalanche 
Energy Rated 


• SOA is Power-Dissipation 
Limited 


• Nanosecond 
Switching 
Speeds 


• Linear Transfer 
Characteristics 


Description 


The IRF460 and 
IRF462 are advanced power MOSFETs 
designed, tested, and guaranteed to withstand a specified level 
of energy in the breakdown avalanche mode of operation. 
These are n-channel enhancement-mode silicon gate power 
field-effect 
transistors 
designed 
for 
applications 
such as 
switching regulators, switching converters, motor drivers, relay 
drivers, and drivers for high-power bipolar switching transis' 
tors requiring high speed and low gate-drive power. These 
types can be operated directly from integrated circuits. 


The IRF-types are supplied in the JEDEC TO-204AE metal 
package. 


IRF460 
IRF462 
N-Channel Power MOSFETs 
Avalanche-Energy Rated 


TO-204AE 
BOTTOM VIEW 


DRAIN 
SOU~LANGE)o 
GATE 


Terminal Diagram 


N-CHANNEL ENHANCEMENT MODE 


Absolute 
Maximum 
Ratings 
(Tc = +250C), Unless Otherwise Specified 


IRF460 


Continuous 
Drain Current 
TC = +250C 
.....................................•.•.•... 
10 
TC = + 1OOoC .. .. . .. .. . .. .. .. . .. . .. . .. .. . .. .. . .. .. .. • .. .. 
10 
Pulsed Drain Current (1) ......................•.........•.•• 
10M 
Gate-Source 
Voltage 
..............•...................... 
VGS 
Maximum Power Dissipation 
TC = +250C 
Po 
Linear Derating Factor 
. 


Single Pulse Avalanche 
Energy Rating (2) ..............•..... 
EAS· 
See Figure 14 
Avalanche Current, Repetitive or Non-repetitive 
(1). . . . . . . . . . . .. 
IAR 
Operating 
and Storage Junction 
....................••.. 
TJ' TSTG 
Temperature 
Range 
Maximum Lead Temperature 
for Soldering 
TL 
(0.063" (1.6mm) from case for 10s) 


NOTES: 


1. Repetitive rating: Pulse width limited by maximum junction 
temperature. 


See Transient Thermal 
Impedance 
Curve (Figure 5). 


2. VDD = SOV.starting 
TJ = +2SoC. 
L = 4.9mH. Ras = 2S0. 
Peak IL = 21A. 


3. Pulse Test: Pulse width 5- 300~s. Duty Cycle S. 2%. 


300 
2.4 


1200 


300 
2.4 


1200 


W 
wtoc 


mj 


{!!. 
...... 
... ... 
zen 
zO 
<::IE 
::Cre 
•••••• 
':;I: 
zo 
l:l. 


BVOSS 
Drain-to-SouTee 
Breakdown 
Voltage 
ALL 
500 
- 
- 
V 
VGS = 0\1, 10 = 
250 pA 


ROSlonJ 
Static 
Drain-to-Source 
IRF460 
- 
0.24 
0.27 
0 
VGS = 
10\1, 10 = 
12A 
On-State 
Resistance 
@ 


IRF462 
- 
0.27 
0.35 


JOlon) 
On-State 
Drain 
Current 
@ 
IRF450 
21 
- 
- 
A 
VOS > 1010n)X ROSlon) Max. 


IRF462 
19 
- 
- 
VGS = 
10V 


VGSllhl 
Gate 
Threshold 
Voltage 
ALL 
2.0 
- 
4.0 
V 
VOS = VGS, 10 = 
250pA 


9fs 
Forward 
Transconductance 
@ 
ALL 
13 
20 
- 
SIUI 
VOS " 
50V, 10S = 
12A 


lOSS 
Zero 
Gate 
Voltage 
Drain 
Current 
ALL 
- 
- 
250 
pA 
VOS = 
Max. Rating, VGS = OV 


- 
- 
1000 
VOS 
= 
0.8 
x Max. 
Rating 
VGS = OV. TJ = 
125°C 


IGSS 
Gate-lo-Source 
leakage 
Forward 
ALL 
- 
- 
100 
nA 
VGS = 
20V 


IGSS 
Gate-lo-Source 
leakage 
Reverse 
ALL 
- 
- 
-100 
nA 
VGS = 
-20V 


Og 
Total 
Gate 
Charge 
ALL 
- 
120 
190 
nC 
VGS = 
10\1, 10 = 21A 


Ogs 
Gate-to-Source 
Charge 
All 
- 
lB 
- 
nC 
VOS 
= 0.8 
x Max. 
Rating 
See Fig. 16 
Ogd 
Gate-lo-Drain 
("Miller") 
Charge 
ALL 
- 
62 
- 
nC 
(Independent 
of operating 
temperature) 


tdloo) 
Turn-On 
Delay 
Time 
ALL 
- 
23 
35 
ns 
VOO = 
250\1, 10 ~ 21A, RG = 
4.30 


I, 
Rise 
Time 
ALL 
- 
81 
120 
ns 
RO = 
120 


Idloffl 
Turn-Off 
Delay 
Time 
ALL 
- 
B5 
130 
ns 
See Fig. 15 


If 
Fall Time 
All 
- 
65 
98 
ns 
lInqependent 
of operating 
temperaturel 


LO 
Internal 
Drain 
Inductance 
ALL 
- 
5.0 
- 
nH 
Measured 
from 
the 
drain 
Modified 
MOSFET 
symbol 


lead, 
6mm 
to.25 
in.) 
from 
._""'".,~ 
package 
to center 
of die. 
inductances. 
0l 
LS 
Internal 
Source 
Inductance 
ALL 
- 
13 
- 
nH 
Measured 
from 
the 
source 


lead, 
6mm 
(0.25 
in.! 
from 
' 
l 
package 
to 
source 
bonding 
. 
pad. 


Ciss 
Input 
Capacitance 
ALL 
- 
4100 
- 
pF 
VGS = OV, VOS = 25V 


Coss 
Output 
Capacitance 
ALL 
- 
480 
- 
pF 
f = 
1.0 MHz 


Crss 
Reverse 
Transfer 
Capacitance 
ALL 
- 
B4 
- 
pF 
See 
Fig. 
10 


R,hJC 
Junction-to-Case 
ALL 
- 
- 
0.42 
°CIW 


RthJS 
Case-to-Sink 
ALL 
- 
0.10 
- 
°CIW 
Mounting 
surface 
flat, 
smooth, 
and 
greased 


R1hJA 
Junction-to-Ambient 
ALL 
- 
- 
30 
°CIW 
Typical 
socket 
mount 


<D 
Repetitive 
Rating; 
Pulse 
width 
limited 
by 
maximum 
junction 
temperature 
(see 
figure 
5) 
Refer 
to current 
HEXFET 
reliability 
report 


~ 
@ VOO = 50\1, Starting TJ 
= 25°C. 
l 
= 4.9 pH. RG = 250. 
Peak IL = 21A. 


Parameter 
Type 
Min. 
Typ. 
Max. 
Units 
Test 
Conditions 


IS 
Continuous 
Sour(,e 
Current 
All 
- 
- 
21 
A 
Modified 
MOSFET 
symbol 
showing 
the 
integral 


(Body 
Diode) 
Rewrse 
p-n 
junction 
rectifier. 
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ISM 
Pulsed 
Source 
Current 
ALL 
- 
- 
B4 
A 
!Body 
Diodel 
<D 


VSO 
Diode 
Forward 
Voltage 
@ 
ALL 
- 
- 
1.8 
V 
TJ 
= 
25°C. IS = 21A, VGS = OV 


Irr 
Reverse 
Recovery 
Time 
ALL 
280 
580 
1200 
ns 
TJ = 25°C, IF = 
21A, d;kl! = 
100 AlpS 


°RR 
Reverse 
Recovery 
Charge 
ALL 
3.8 
B,1 
18 
pC 


fon 
Forward 
Turn-On 
Time 
ALL 
Intrinsic 
turn-on 
time 
is negligible. 
Turn-on 
speed 
is substantially 
controlled 
by 
LS 
+ LO' 
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mHARRIS 
'RF510/511/512/513 


'RF510R/511R/512R/513R 


N-Channel Power MOSFETs 


Avalanche Energy Rated* 


Features 


• 4.9A and 5.6A, 80V - 100V 


• rDs(on) = 0.540. and 0.740. 


• Single Pulse Avalanche Energy Rated* 


• SOA is Power-Dissipation 
Limited 


• Nanosecond 
Switching 
Speeds 


• Linear Transfer Characteristics 


TO-220AB 
TOP VIEW 


Description 


The IRF510, IRF511, IRF512, and IRF513 are n-channel 
enhancement-mode 
silicon-gate 
power field-effect 
transis- 
tors. IRF510R, IRF511R, IRF512R and IRF513R types are 
advanced power MOSFETs designed, tested, and guaranteed 
to withstand a specified level of energy in the breakdown 
avalanche mode of operation. All of these power MOSFETsare 
designed 
for 
applications 
such 
as switching 
regulators, 


switching converters, motor drivers, relay drivers, and drivers 
for high-power 
bipolar switching transistors requiring high 
speed and low gate-drive power. Thesetypes can be operated 
directly from integrated circuits. 


The JRFtypes are supplied In the JEDEC TO-220AB plastic 
package. 


Terminal Diagram 


N-CHANNEL 
ENHANCEMENT 
MODE 


G~ 


S 


IRF510 
IRF511 
IRF512 
IRF513 
IRF510R 
IRF511R 
IRF512R 
IRF513R 
UNITS 


Drain-Source Voltage (1) ............................ 
VDS 
100 
80 
100 
80 
V 
Drain-Gate Voltage (RGS = 20kO) (1) ......••••••.... 
VDGR 
100 
80 
100 
80 
V 


Continuous Drain Current 
TC = +250C .............................•......... 
10 
5.6 
5.6 
4.9 
4.9 
A 
TC = +1000C •...•••....••...••.••......•.•........ 
10 
4 
4 
3.4 
3.4 
A 
Pulsed Drain Current (3) .....................•.•.....• 
10M 
20 
20 
18 
18 
A 
Gate-Source Voltage 
••....••....................... 
VGS 
±20 
±20 
±20 
±20 
V 


Maximum Power Dissipation 
TC = +250C •...•••..•••.....•..................... 
Po 
43 
43 
43 
43 
W 
Unear Derating Factor •..•••....••.....••••.........•..•. 
0.29 
0.29 
0.29 
0.29 
WfOC 
Inductive Current, Clamped .........................•. 
ILM 
16 
16 
14 
14 
A 
(See Figure 14, L = 1OO~H) 
Single Pulse Avalanche Energy Rating (4) •.............. 
EAS* 
19 
19 
19 
19 
mJ 
Operating and Storage Junction .....•...•.....•.. 
TJ, TSTG 
-55 to +175 
-55to+175 
-55 to +175 
-55 to +175 
oC 
Temperature Range 
Maximum Lead Temperature for Soldering ............... 
TL 
300 
300 
300 
300 
oC 
(0.063" (1.6mm) from case for 10s) 


NOTES: 
1. TJ • +250C to +1500C. 


2. Pulse Test: 
Pulle 
width 
~ 300~1, 
Duty Cycle $ 2%. 


3. Repet"ive 
reting: 
Pulse width 
limited 
by maximum 
Junction temperature. 


See Transient 
Thermal 
Impedance 
Curve (Figure 
5). 


OR Suffix 
Types 
Only 


UMITS 


CHARACTERISTIC 
SYMBOL 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Drain-Source 
Breakdown 
Voltage 
BVOSS 
VGS - OV,IO - 250flA 
IRF51 0/512,IRF51 
OR/512R 
100 
- 
- 
V 


IRF511/513,IRF511 
R/513R 
80 
- 
- 
V 


Gate Threshold Voltage 
VGSfTHl 
VOS - VGS, 10 - 250flA 
2.0 
- 
4.0 
V 


Gate-Source 
Leakage Forward 
IGSS 
VGS-20V 
- 
- 
500 
nA 


Gate-Source 
Leakage Reverse 
IGSS 
VGS--20V 
- 
- 
-500 
nA 


Zero Gate Voltage Drain Current 
lOSS 
VOS - Max Rating, VGS = OV 
- 
- 
250 
JlA 


VOS - Max Rating x 0.8, VGS - OV, 
- 
- 
1000 
JlA 
TJ = +1S00C 


On-State 
Drain Current (Note 2) 
10(ON) 
VOS> 
10(ON) x rOS(ON) Max, VGS - 10V 
IRF51 0/511,IRF51 
OR/511 R 
5.6 
- 
- 
A 


IRF512/513,IRF512R/513R 
4.9 
- 
- 
A 


Static Drain-Source 
On-State 
rOS(ON) 
VGS = 10V,I0 
- 3.4A 
Resistance 
(Note 2) 
IRF51 0/511,IRF51 
OR/511 R 
- 
0.4 
0.54 
0 


IRF512/513,IRF512R/513R 
- 
0.5 
0.74 
0 


Forward Transconductance 
(Note 2) 
gts 
VOS> 
SOV,10 - 3.4A 
1.3 
2.0 
- 
Sm) 


Input Capacitance 
CISS 
VGS - OV,VOS = 25V, f - 1.0MHz 
- 
135 
- 
pF 


Output Capacitance 
COSS 
See Figure 10 
- 
80 
- 
pF 


Reverse Transfer Capacitance 
CRSS 
- 
20 
- 
pF 


Turn-On 
Delay Time 
!droNl 
VOO - 50V, 10 "" 5.6A, RG - 240 
- 
8 
11 
ns 


Rise Time 
tr 
See Figure 16. (MOSFET switching times 
- 
25 
36 
ns 


Turn-Off 
Delay Time 
!drOFFl 
are essentially independent 
of operating 
- 
15 
21 
temperature) 
ns 


Fall Time 
tf 
- 
12 
21 
ns 


Total Gate Charge 
Qg 
VGS -10V,10 
- S.6A, VOS - 0.8V Max 
- 
5.0 
7.7 
nC 
(Gate-Source 
+ Gate-Drain) 
Rating. See Figure 17 for test circuil 


Gate-Source 
Charge 
Qas 
(Gate charge is essentially independent 
of 
- 
2.0 
- 
nC 


Gate-Drain 
("Miller") 
Charge 
Qad 
operating temperature.) 
- 
3.0 
- 
nC 


Internal Drain Inductance 
LO 
Measured from the 
Modified MOSFET 
- 
3.5 
- 
nH 
contact screw on 
symbol showing the 
tab to center of die 
internal device 
inductances. 


Measured from the 


~ 


- 
4.5 
- 
nH 
drain lead, 6mm 
(0.25in.) from pack- 
age to center of die 


Internal Source Inductance 
LS 
Measured from the 
- 
7.5 
- 
nH 


source lead, 6mm 
LS 
(0.2S") from header 
S 
and source bonding 
pad. 


Junction-te-Case 
RaJC 
- 
- 
3.5 
°C/W 
Case-to-Sink 
Racs 
Mounting surface flat, smooth and greased 
- 
0.1 
- 
oC/W 


Junction-te-Ambient 
RaJA 
Free air operation 
- 
- 
80 
°C/W 


Continuous 
Source Current 
IS 
Modified MOSFET 


~ 


- 
- 
5.6 
A 
(Body Diode) 
symbol showing the 


Pulse Source Current 
ISM 
integral reverse 
- 
- 
20 
A 
(Body Diode) (Note 3) 
P-N junco rectifier. 


Diode Forward Voltage (Note 2) 
VSO 
TJ = +2S0C, IS = 5.6A, VGS = OV 
- 
- 
2.5 
V 
Reverse Recovery Time 
trr 
TJ = +2S0C,IF = 5.6A, dlF/dt = 100A/Jls 
4.6 
96 
200 
ns 


Reverse Recovered Charge 
QRR 
TJ = +250C, IF = 5.6A, dlF/dt - 100A/Jls 
0.17 
0.4 
0.83 
JlC 
Forward Turn-on 
Time 
tON 
Intrinsic turn-on time Is negligible. Turn-on 
- 
- 
- 
- 
speed Is substantially 
controlled 
by LS + LO. 


NOTES: 1. TJ. 
+250C to +1500C 
2. Pula. 
T.at: 
Pula. 
width 
< 300lla, 


Duty Cycle <- 2'11> 


3. Repel"lve 
Raling: 
Pulse width 
limited 
by max. 
junction 
temperatura. 
Sea Tranalent 
Thermal 
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Curve (Figura 
5) 
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tit HARRIS 
'RF520/521/522/523 
'RF520R/521R/522R/523R 


Features 


• 8A and 9.2A, 80V - 100V 


• rDslon) = 0.270 and 0.360 


• Single Pulse Avalanche Energy Rated* 


• SOA is Power-Dissipation 
Limited 


• Nanosecond Switching Speeds 


• Linear Transfer Characteristics 


Description 


The IRF520, IRF521, IRF522, and IRF523 are n-channel 
enhancement-mode silicon-gate power field-effect transis· 
tors. IRF520R, IRF521R, IRF522R and IRF523R types are 
advanced power MOSFETsdesigned, tested, and guaranteed 
to withstand a specified level of energy in the breakdown 
avalanchemode of operation.All of these power MOSFETsare 
designed for 
applications 
such 
as switching 
regulators, 


switching converters, motor drivers, relay drivers, and drivers 
for high-power bipolar switching transistors requiring high 
speed and low gate-d rivepower.Thesetypes can be operated 
directly from integrated circuits. 


The IRF types are supplied in the JEDEC TO-220AB plastic 
package. 


N-Channel Power MOSFETs 
Avalanche Energy Rated* 


TO-220AB 


TOP VIEW 


Terminal Diagram 


N-CHANNEL 
ENHANCEMENT 
MODE 


D 


G~ 


S 


Drain-Source Voltage (1) 
VDS 
Drain-Gate Voltage (RGS = 20kn) (1) ....•........... 
VDGR 
Continuous Drain Current 
TC = +250C 
10 
TC = +1000C 
10 
Pulsed Drain Current (3) ............•...•............. 
10M 
Gate-Source Voltage 
..................•............ 
VGS 
Maximum Power Dissipation 
TC = +250C ............•.......................... 
Po 
Unear Derating Factor .....................•............. 
Inductive Current, Clamped ................•.•........ 
ILM 
(See Figure 14, L = 1OO~H) 
Single Pulse Avalanche Energy Rating (4) ....•.......... 
EAS* 
Operating and Storage Junction 
TJ, TSTG 
Temperature Range 
Maximum Lead Temperature for Soldering .....•......... 
TL 
(0.063" (1.6mm) from case for 1Os) 


NOTES: 


1. TJ = +250C 
to +1500C. 


2. Pulse Test: 
Pulse width 
:0: 300~s. Outy Cycle :0: 2%. 


3. Repetitive rating: Pulse width limited by maximum junction 
temperature. 
see Transient 
Thermal 
Impedance 
Curve (Figure 
5). 


oR Suffix Types Only 


IRF520 
IRF521 
IRF522 
IRF523 
IRF520R 
IRF521 R 
IRF522R 
IRF523R 


100 
80 
100 
80 
100 
80 
100 
80 


9.2 
9.2 
8 
8 
6.5 
6.5 
5.6 
5.6 
37 
37 
32 
32 
±20 
±20 
±20 
±20 


60 
60 
60 
60 
0.4 
0.4 
0.4 
0.4 
32 
32 
28 
28 


36 
36 
36 
36 
-55to+175 
-55to 
+175 
-55 to +175 
-55to 
+175 


300 
300 
300 
300 


4. VOO = 25V, starting TJ = +250C. 
L = 640~H, RGS = 250, 
IpEAK = 9.2A. 5ee Figures 15 & 16. 


UNITS 


V 
V 


W 
W/oC 


A 


~ 
...... 
...... 
zen 
zQ 
<~ 
:ea: 
..•... 
':I: 
z~ 


Orain-Source 
Breakdown 
Voltage 
BVOSS 
VGS = OV,IO = 250flA 
IRF520/522,IRF520R/522R 
100 
- 
- 
V 


IRF521/523,IRF521 
R/523R 
80 
- 
- 
V 


Gate Threshold 
Voltage 
VGSITH\ 
VOS - VGS, 10 - 250~A 
2.0 
- 
4.0 
V 


Gate-Source 
Leakage Forward 
IGSS 
VGS= 
20V 
- 
- 
500 
nA 


Gate-Source 
Leakage Reverse 
IGSS 
VGS=-20V 
- 
- 
-500 
nA 


Zero Gate Voltage Orain Current 
lOSS 
VOS = Max Rating, VGS = OV 
- 
- 
250 
~A 


VOS = Max Rating x 0.8, VGS = OV, 
- 
- 
1000 
~A 
TJ=+1500C 


On-State 
Orain Current (Note 2) 
10(ON) 
VOS> 
10(ON) x rOS(ON) Max, VGS - 10V 
IRF520/521,IRF520R/521 
R 
9.2 
- 
- 
A 


IRF522/523,IRF522R/523R 
8.0 
- 
- 
A 


Static Orain-Source 
On-State 
rOS(ON) 
VGS-l0V,10-5.6A 
Resistance (Note 2) 
IRF520/521,IRF520R/521 
R 
- 
0.25 
0.27 
0 


IRF522/523,IRF522R/523R 
- 
0.27 
0.36 
0 


Forward Transconductance 
(Note 2) 
gts 
VOS> 
50V, 10 - 5.6A 
2.7 
4.1 
- 
Sm) 
Input Capacitance 
CISS 
VGS - OV,VOS - 25V, f - 1.0MHz 
- 
350 
- 
pF 


Output Capacitance 
COSS 
See Figure 10 
- 
130 
- 
pF 


Reverse Transfer Capacitance 
CRSS 
- 
25 
- 
pF 


Turn-On 
Oelay Time 
tdiONl 
VOO - 50V, 10 '" 9.2A, RG - 180 
- 
9 
13 
ns 


Rise Time 
tr 
See Figure 16. (MOSFET switching times 
- 
30 
45 
ns 


Turn-Off 
Oelay Time 
!diOFFl 
are essentially independent 
of operating 
- 
18 
29 
temperature) 
ns 
Fall Time 
tf 
- 
20 
30 
ns 


Total Gate Charge 
Og 
VGS = 10V,I0 
- 9.2A, VOS = 0.8V Max 
- 
10 
15 
nC 
(Gate-Source 
+ Gate-Orain) 
Rating. See Figure 17 for test circuit. 


Gate-Source 
Charge 
Oas 
(Gate charge is essentially independent 
of 
- 
2.5 
- 
nC 


Gate-Orain 
("Miller") 
Charge 
Ood 
operating temperature.) 
- 
2.5 
- 
nC 


Internal Orain Inductance 
LO 
Measured from the 
Modified MOSFET 
- 
3.5 
- 
nH 
contact screw on 
symbol showing the 
tab to center of die 
internal device 
inductances. 
Measured from the 


~ 


- 
4.5 
- 
nH 
drain lead, 6mm 
(0.25in.) from pack- 
age to center of die 
G 
I 
Internal Source Inductance 
LS 
Measured from the 
- 
7.5 
- 
nH 
source lead, 6mm 
LS 
(0.25") from header 
S 
and source bonding 
pad. 


Junction-ta-Case 
RaJC 
- 
- 
2.5 
°C/W 
Case-to-Sink 
Racs 
Mounting surface flat, smaoth and greased 
- 
0.5 
- 
oC/W 


Junction-ta-Ambient 
RaJA 
Free air operation 
- 
- 
80 
°C/W 


Continuous 
Source Current 
IS 
Modified MOSFET 


~ 


- 
- 
9.2 
A 
(Body Oiode) 
symbol shawing the 


Pulse Source Current 
ISM 
integral reverse 
- 
- 
37 
A 
(Body Oiode) (Note 3) 
P-N junco rectifier. 


Oiode Forward Voltage (Note 2) 
VSO 
TJ - +250C, IS - 9.2A, VGS - OV 
- 
- 
2.5 
V 
Reverse Recovery Time 
trr 
TJ - +250C,IF 
- 9.2A, dIF/dt- 
100N~s 
5.5 
100 
240 
ns 
Reverse Recovered 
Charge 
°RR 
TJ - +250C,IF 
- 9.2A, dIF/dt- 
100A/~s 
0.25 
0.5 
1.1 
~C 
Forward Turn-on 
Time 
tON 
Intrinsic turn-on time is negligible. Turn-on 
- 
- 
- 
- 
speed is substantially 
controlled 
by LS + LO. 


NOTES: 
1. TJ = +250C 
to +1500C 
2. Pulse Test: 
Pulse width S 300~s. 
Duty Cycle., 
2% 


3. Repetitive Rating: 
Pulse width limited by max. 


junction 
temperature. 
See Transient 
Thermal 
Impedance 
Curve (Figure 5) 


4. VDD = 25V, Start TJ = +250C, 
L = 640~H, 


Ras = 250, 
IpEAK = 9.2A 


(See Figures 15 & 16) 
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CLAMPED INDUCTIVE TEST CIRCUIT 
FIGURE 15a. UNCLAMPED ENERGY TEST CIRCUIT 


~,"ln-VD' 


BVDSS 


~n--~DS 
J// \ 
J1 


IL ----,.' 
1\ 
.-- 
VDO 


/ 
\ 
- 
--- 
-- 
/ 
'----- 


FIGURE14b. 
CLAMPED INDUCTIVE WAVEFORMS 
FIGURE 15b. 
UNCLAMPED ENERGY WAVEFORMS 


CURRENT 
+VDS 
(ISOLATED 
REGULATOR 
SUPPLy) 


-±- 
I::: 
SAME 
TYPE 


BAn~~~ I~~ 
50 


fO.3J"~ 


AS OUT 
RD 
kll. 


I 


VDS 
T 


DU~ 
~ 


0 
IlL 
RG 


+ 
_~DD", 
VGS= 10V 
~-: 
:-VDD 


PULSE WIDTH ~ 
11' S (~ 


VGS"-- 
--.CJE.5mA 
S 
DUTY FACTOR~ 0.1% 
o 
- 
-VDS 


~ 
IG CURRENT-=-= 
10 CURRENT 
SAMPUNG RESISTOR - 
SAMPUNG RESISTOR 


FIGURE 16. SWITCHING 
TIME TEST CIRCUIT 
FIGURE 17. GATE CHARGE TEST CIRCUIT 


~ 
..J'" 
'" ... 
ZUlI 
zO 
<:Iii 
Xa: 
u'" 
'31 
Zo 
L 


mHARRIS 
'RF530/531/532/533 
'RF530R/531R/532R/533R 


N-Channel Power MOSFETs 
Avalanche Energy Rated* 


Features 


• 12A 
and 
14A, 
80V 
- 100V 


• rDS(on) 
= 0.160 
and 
0.230 


• Single 
Pulse 
Avalanche 
Energy 
Rated' 


• SOA 
is Power-Dissipation 
Limited 


• Nanosecond 
Switching 
Speeds 


• Linear 
Transfer 
Characteristics 


• High 
Input 
Impedance 


TO-220AB 
TOP VIEW 


Description 


The 
IRF530, 
IRF531, 
IRF532, 
and 
IRF533 
are 
n-channel 
enhancement-mode 
silicon-gate 
power 
field-effect 
transis· 
tors. 
IRF530R, 
IRF531 R, IRF532R 
and 
IRF533R 
types 
are 
advanced 
power 
MOSFETs 
designed, 
tested, 
and guaranteed 
to 
withstand 
a specified 
level 
of 
energy 
in the 
breakdown 
avalanche 
mode of operation. 
All of these 
power 
MOSFETs 
are 
designed 
for 
applications 
such 
as 
switching 
regulators, 
switching 
converters, 
motor 
drivers, 
relay drivers, 
and drivers 
for 
high-power 
bipolar 
switching 
transistors 
requiring 
high 
speed 
and low gate-drive 
power. 
These types 
can be operated 
directly 
from 
integrated 
circuits. 


The 
IRF types 
are supplied 
in the JEDEC 
TO-220AB 
plastic 
package. 


o 


G~ 


S 


Terminal Diagram 


N-CHANNEL 
ENHANCEMENT 
MODE 


Drain-Source Voltage (1) 
VOS 
Drain-Gate Voltage (RGS = 20kO) (1) 
VOGR 
Continuous Drain Current 
TC = +250C 
10 
TC = + 1OOoC. . .. . . . .. . . . .. . . . . . . .. . . . . . . .. .. . . . . .. 
10 
Pulsed Drain Current (3) 
10M 
Gate-SourceVoltage 
VGS 
Maximum Power Dissipation 
TC = +250C 
Po 
Unear Derating Factor 
. 


Inductive Current, Clamped 
ILM 
(See Figure 14, L = 100flH) 
Single Pulse Avalanche Energy Rating (4) 
EAS' 
Operating and Storage Junction 
TJ, TSTG 
Temperature Range 
Maximum Lead Temperature for Soldering 
TL 
(0.063" (1.6mm) from case for 1Os) 


IRF530 
IRF531 
IRF532 
IRF533 
IRF530R 
IRF531R 
IRF532R 
IRF533R 


100 
80 
100 
80 
100 
80 
100 
80 


14 
14 
12 
12 
10 
10 
8.3 
8.3 
56 
56 
48 
48 
±20 
±20 
±20 
±20 


79 
79 
79 
79 
0.53 
0.53 
0.53 
0.53 
56 
56 
48 
48 


69 
69 
69 
69 
-55 to +175 
-55 to +175 
-55 to +175 
-55 to +175 


300 
300 
300 
300 


NOTES: 
1, TJ = +2S0C to +1S00C. 


2. purse Test: Pulse width :5 300jls, Duly Cycle :s 2%. 


3. Repetitive 
rating: Pulse width limited 
by maximum 
junction 
temperature. 


see Transient 
Thermal Impedance Curve (Figure 5). 
oR Suffix Types Only 


UNITS 


V 
V 


W 
W/oC 


A 


LIMITS 


CHARACTERISTIC 
SYMBOL 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Drain-Source 
Breakdown 
Voltage 
BVOSS 
VGS = OV, 10 = 2501JA 
IRF530/532,IRF530R/532R 
100 
- 
- 
V 


IRF531/533,IRF531 
R/533R 
80 
- 
- 
V 


Gate Threshold Voltage 
VGSfTHl 
VOS = VGS, 10 = 250llA 
2.0 
- 
4.0 
V 


Gate-Source 
Leakage Forward 
IGSS 
VGS-20V 
- 
- 
500 
nA 


Gate-Source 
Leakage Reverse 
IGSS 
VGS--20V 
-500 
nA 


Zero Gate Voltage Drain Current 
lOSS 
VOS - Max Rating, VGS - OV 
- 
- 
250 
IlA 


VOS - Max Rating x 0.8, VGS - OV, 
- 
- 
1000 
IlA 
TJ = +1250C 


On-State 
Drain Current (Note 2) 
10(ON) 
VDS> 
10(ON) x rOS(ON) Max, VGS - 10V 
IRF530/531, 
IRF530R/531 
R 
14 
- 
- 
A 


IRF532/533,IRF532R/533R 
12 
- 
- 
A 


Static Drain-Source 
On-State 
rOS(ON) 
VGS = 10V,I0 
=8.3A 
Resistance 
(Note 2) 
IRF530/531,IRF530R/531 
R 
- 
0.14 
0.16 
0 


IRF532/533,IRF532R/533R 
- 
0.20 
0.23 
0 


Forward Transconductance 
(Note 2) 
gts 
VOS > 50V, 10 - 8.3A 
5.1 
7.6 
- 
S(m 


Input Capacitance 
CISS 
VGS - OV,VOS - 25V, f - 1.0MHz 
- 
600 
- 
pF 


Output Capacitance 
COSS 
See Figure 10 
- 
250 
- 
pF 


Reverse Transfer Capacitance 
CRSS 
- 
50 
- 
pF 


Turn-On 
OelayTime 
tdlONI 
VOO - 50V, 10 '" 14A, RG - 120 
- 
12 
15 
ns 


RiseTime 
tr 
See Figure 16. (MOSFET switching 
times 
- 
35 
51 
ns 


Turn-Off 
Delay Time 
!droFFI 
are essentially independent 
of operating 
- 
25 
35 
temperature) 
ns 


Fall Time 
tf 
- 
25 
36 
ns 


Total Gate Charge 
Qg 
VGS -10V, 
10 -14A, 
VOS - 0.8V Max 
- 
18 
26 
nC 


(Gate-Source 
+ Gate-Drain) 
Rating. See Figure 17 for test circuit 


Gate-Source 
Charge 
QQS 
(Gate charge is essentially independent 
of 
- 
4 
- 
nC 


Gate-Drain 
("Miller") 
Charge 
QQd 
operating temperature.) 
- 
7 
- 
nC 


Internal Drain Inductance 
Lo 
Measured from the 
Modified MOSFET 
- 
3.5 
- 
nH 
contact screw on 
symbol showing the 
tab to center of die 
internal device 
inductances. 


Measured from the 


~ 


- 
4.5 
- 
nH 
drain lead, 6mm 
(0.25in.) from pack- 
age to center of die 


Internal Source Inductance 
LS 
Measured from the 
- 
7.5 
- 
nH 
source lead, 6mm 
LS 
(0.25") from header 
S 
and source bonding 
pad. 


Junction-te-Case 
ROJC 
- 
- 
1.9 
°C/W 
Case-to-Sink 
ROCS 
Mounting surface flat, smooth and greased 
- 
0.5 
- 
°C/W 
Junction-te-Ambient 
RaJA 
Free air operation 
- 
- 
80 
°C/W 


Continuous 
Source Current 
IS 
Modified MOSFET 


~ 


- 
- 
14 
A 
(Body Diode) 
symbol showing the 


Pulse Source Current 
ISM 
integral reverse 
- 
- 
56 
A 


(Body Diode) (Note 3) 
P-N junco rectifier. 


Diode Forward Voltage (Note 2) 
VSO 
TJ - +250C, IS -14A, 
VGS - OV 
- 
- 
2.5 
V 
Reverse Recovery Time 
trr 
TJ - +250C, IF - 14A, dlF/dt - 100NIlS 
5.5 
120 
250 
ns 
Reverse Recovered 
Charge 
QRR 
TJ - +250C, IF - 14A, dlF/dt - 100NIlS 
0.26 
0.6 
1.3 
IlC 
Forward Turn-on 
Time 
tON 
Intrinsic turn-on 
time is negligible. Turn-on 
- 
- 
speed is substantially 
controlled 
by LS + LO. 


NOTES: 1. TJ = +250C to +1500C 
2. Pulse Test: Pulse width 5. 300~s, 
Duty Cycle 
5. 2% 


3. Repetitive Rating: 
Pulse width limited by max. 


junction 
temperature. 
See Transient 
Thermal 
Impedance 
Curve (Figure 5) 
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FIGURE 12. TYPICAL ON RESISTANCE vs DRAIN CURRENT 
FIGURE 13. MAXIMUM DRAIN CURRENT vs CASE 
TEMPERATURE 
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FIGURE 14a. 
CLAMPED INDUCTIVE TEST CIRCUIT 
FIGURE 15a. UNCLAMPED ENERGY TEST CIRCUIT 
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FIGURE14b. 
CLAMPED INDUCTIVE WAVEFORMS 
FIGURE 15b. UNCLAMPED ENERGY WAVEFORMS 
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FIGURE 17. GATE CHARGE TEST CIRCUIT 


mlHARRIS 
'RF540/541/542/543 
'RF540R/541R/542R/543R 


Features 


• 25A and 28A, 80V - 100V 


• rDS(on) = o.onn 
and O.10n 


• Single Pulse Avalanche Energy Rated* 


• SOA is Power-Dissipation 
Limited 


• Nanosecond Switching Speeds 


• Linear Transfer Characteristics 


• High Input Impedance 


Description 


The IRF540. IRF541. IRF542. and IRF543 are n-channel 
enhancement-mode silicon-gate power field-effect transis- 
tors. IRF540R. IRF541R. IRF542R and IRF543R types are 
advanced power MOSFETs designed. tested. and guaranteed 
to withstand a specified level of energy in the breakdown 
avalanche mode of operation. All of these power MOSFETsare 
designed for 
applications 
such 
as sWitching regulators. 
switching converters. motor drivers. relay drivers. and drivers 
for high-power 
bipolar switching transistors requiring high 
speed and low gate-drive power. Thesetypes can be operated 
directly from integrated circuits. 


The IRF types are supplied in the JEDEC TO-220AB plastic 
package. 


N-Channel 
Power MOSFETs 
Avalanche 
Energy Rated* 


TO-220AB 
TOP VIEW 


Terminal Diagram 


N-CHANNEL 
ENHANCEMENT 
MODE 


D 


G~ 


S 


Drain-Source Voltage (1) ...............•............ 
VDS 
Drain-Gate Voltage (RGS = 20kO) (1) ....•..•........ 
VOGR 
Continuous Drain Current 
TC = +250C ••........•..............•............. 
10 
TC = +1000C ..............................•....... 
10 
Pulsed Drain Current (3) ................•..•.......... 
IDM 
Gate-Source Voltage 
VGS 
Maximum Power Dissipation 
TC = +250C .................•.............•....... 
Po 
Linear Derating Factor ...........•........•.............. 
Inductive Current, Clamped ...•....................... 
ILM 
(See Figure 14. L = 1OO~H) 
Single Pulse Avalanche Energy Rating (4) 
EAS' 
Operating and Storage Junction 
TJ. TSTG 
Temperature Range 
Maximum Lead Temperature for Soldering 
TL 
(0.063" (1.6mm) from case for 1Os) 


NOTES: 


1. TJ ~ +250c \0 +1500C. 


2. Pulse Test: Pulse width S 300~s. Duty Cycle :5. 2%. 


3. Repetitive rating: Pulse width limited by maximum junction 
temperature. 


See Transient 
Thermal 
Impedance 
Curve (Figure 
5). 
oR Suffix Types Only 


IRF540 
IRF541 
IRF542 
IRF543 
IRF540R 
IRF541R 
IRF542R 
IRF543R 


100 
80 
100 
80 
100 
80 
100 
80 


28 
28 
25 
25 
20 
20 
17 
17 
110 
110 
100 
100 
±20 
±20 
±20 
±20 


150 
150 
150 
150 
1.0 
1.0 
1.0 
1.0 
108 
108 
96 
96 


230 
230 
230 
230 
-55to+175 
-55to+175 
-55to+175 
-55to+175 
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300 
300 
300 
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UMITS 


CHARACTERISTIC 
SYMBOL 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Drain-Source 
Breakdown 
Voltage 
BVOSS 
VGS - OV,IO - 2501JA 
IRF540/542,IRF540R/542R 
100 
- 
- 
V 


IRF541/543, 
IRF541 R/543R 
80 
- 
- 
V 


Gate Threshold Voltage 
VGSlTH\ 
VOS - VGS, 10 - 250llA 
2.0 
- 
4.0 
V 


Gate-Source 
Leakage Forward 
IGSS 
VGS-20V 
- 
- 
500 
nA 


Gate-Source 
Leakage Reverse 
IGSS 
VGS=-20V 
- 
- 
-SOO 
nA 


Zero Gate Voltage Drain Current 
lOSS 
VOS - Max Rating, VGS - OV 
- 
- 
250 
IJA 


VOS - Max Rating x 0.8, VGS = OV, 
- 
- 
1000 
IJA 
TJ = +1250C 


On-State 
Drain Current (Note 2) 
10(ON) 
VOS> 
10(ON} x rOS(ON) Max, VGS -10V 
IRF540/541,IRF540R/541 
R 
28 
- 
- 
A 


IRF542/543,IRF542R/543R 
25 
- 
- 
A 


Static Drain-Source 
On-State 
rOS(ON) 
VGS -10V,10 
-17A 
Resistance (Note 2) 
IRF540/541, 
IRF540R/541 
R 
- 
0.06 
0.077 
n 


IRF542/543,IRF542R/543R 
- 
0.08 
0.10 
n 


Forward Transconductance 
(Note 2) 
gts 
VOS> 
50V, 10 -17A 
8.7 
13 
- 
S( 
} 


Input Capacitance 
CISS 
VGS = OV,VOS = 25V, f - 1.0MHz 
- 
1450 
- 
pF 


Output Capacitance 
COSS 
See Figure 10 
- 
550 
- 
pF 


Reverse Transfer Capacitance 
CRSS 
- 
100 
- 
pF 


Turn-On 
OelayTime 
tdlONI 
VOO - 50V, 10 '" 28A, RG - 9.1n 
- 
15 
23 
ns 


Rise Time 
tr 
See Figure 16. (MOSFET SWitching times 
- 
70 
110 
ns 


Turn-Off 
Delay Time 
!dIOFF\ 
are essentially independent 
of operating 
- 
40 
60 
temperature) 
ns 


Fall Time 
tf 
- 
SO 
75 
ns 


Total Gate Charge 
Og 
VGS = 10V, 10 - 28A, VOS = 0.8V Max 
- 
38 
59 
nC 
(Gate-Source 
+ Gate-Drain) 
Rating. See Figure 17 for test circuit. 


Gate-Source 
Charge 
Qes 
(Gate charge is essentially independent 
of 
- 
8 
- 
nC 


Gate-Drain 
("Miller") 
Charge 
Qed 
operating temperature.) 
- 
21 
- 
nC 


Internal Drain Inductance 
LO 
Measured from the 
Modified MOSFET 
- 
3.5 
- 
nH 
contact screw on 
symbol showing the 
tab to center of die 
internal device 
ind uctances. 


Measured from the 


~ 


- 
4.5 
- 
nH 
drain lead, 6mm 
(0.25in.) from pack- 
age to center of die 


Internal Source Inductance 
LS 
Measured from the 
- 
7.5 
- 
nH 
source lead, 6mm 
LS 
(0.25") from header 
S 
and source bonding 
pad. 


Junction-ta-Case 
RaJC 
- 
- 
1.0 
°C/W 
Case-to-Sink 
Racs 
Mounting surface flat, smooth and greased 
- 
0.5 
- 
°C/W 
Junction-ta-Ambient 
RaJA 
Free air operation 
- 
- 
80 
°C/W 


Continuous 
Source Current 
IS 
Modified MOSFET 


~ 


- 
- 
28 
A 
(Body Diode) 
symbol showing the 


Pulse Source Current 
ISM 
integral reverse 
- 
- 
110 
A 
(Body Diode) (Note 3) 
P-N junco recUfier. 


Diode Forward Voltage (Note 2) 
VSO 
TJ= 
+250C,IS 
= 27A, VGS =OV 
- 
- 
2.5 
V 
Reverse Recovery Time 
trr 
TJ - +250C,IF 
- 28A,dIF/dt 
-1ooNIiS 
70 
150 
300 
ns 
Reverse Recovered Charge 
QRR 
TJ - +250C, IF - 28A,dlF/dt 
-1ooNIiS 
0.44 
1.0 
1.9 
IIC 
Forward Turn-on 
Time 
tON 
Intrinsic turn-on 
time is negligible. Turn-on 
- 
- 
- 
- 
speed is substantially 
controlled 
by LS + LO. 


NOTES: 1. TJ = +250C to +1500C 
2. Pulse Test: 
Pulse width 5 300IlS, 
Duty Cycle 5 2% 


3. Repetitive Rating: 
Pulse width limited by max. 


junction 
temperature. 
See Transient 
Thermal 
Impedance 
Curve (Figure 5) 


vos 
> 
50v 
=--- 


5 
as 
PUL 
E 
T::5T 
~._- 
_._- 


-- ---- 
--~---- 


2-- 
~ 


10 
<== =~~~fj: ~ 
0- 


._-- T,J '" 
175°C t 


2 -_.- 
--- J-j - TJ 
'" 25°C 
, I 


Ui 
40 


wa:wa. 
~ 


lU 


1 


5 =1==f~~- ==~~---~-== 
-- 
- - 
- 
-- 


2 
-- 
_.- 


II 


0.1 0 
2 
.:I 
0 
8 
10 


VGS. 
GATE-TO-SOURCE 
VOLTAGE 
(VOLTS) 


51',= 


I - 


103 


-f-0PERATION 
]N 
THIS 
AREA LI~ITE 
5 --+ 
BY 
Res 
10NI 


I 
Ii! 


Ej 
2 
'i 
I I ' 
I 
I 
; 
I 


ffi 
1RF~40, 
I, I 
I 
I! 
I, I 
~ 
1)2 
tO~s 


1'0\/ 
J/ 
!//I.-. 
7\'- 


Vi 
.:10 


ffi 
/J//i 
i 
~ 
V/ -1-:-- 


30 
~ 
I~ 
I 
I 


§ 
ff/'/-I 
1 
VG5·t·- 


u 20I--Fl4 
I 
, 
~ 
I 
I 
~ ~I 
I 
1 
I 


~10 
P' 
I 
I 
I 


1'1 
! 
! 
I 


o 
0.0 


JI=I::-542.3 


5 
, 


lOO~S 


1I=1F51,0.'1 
I 
"' 


2 
I 


JRF542. 
3 
II 
II! 
! II 
I\- 


1,,"5 I 


I 
10 


, 


5 
, 
, 
, 
I 


10ms 


I 
I 
5'".= 


i 


I; 
'." 


T ,...=2S0C 
. 
r 
I i 
I 
j I 
III 
2 
T'- : 17S0C 
I-- IRF5A!, 
3 
I 
-"IRF540.2til 


SiNGLE 
PULSE 
°llilil,71 
:-111-1 
1 
1 
2 
5 
10 
2 
5 
102 
2 
5 
103 


VOS. 
ORAIN-TO-SOURCE 
VOLTAGE 
(VOLTS) 


FIGURE 4. MAXIMUM SAFE OPERATING AREA 


.1V_ 


1.0 
2.0 
3.0 
-1.0 
: 
0 


VOS' 
ORA IN- 
TO-SOURCE 
VOLT AGE 
(VOLTS) 


U 
10 
J 
.r::: 
cl' 


w 
1 
(f) 
D-0.5 
Z 
0n. 
.0.2 
(f) 
I 
W 
1).1 
a: 0.1 
...J 
.05 
« 
.02 
~ 
a: 
1).01 


WI 
10-2 
f- 


10-5 


NOTES: 
III 
1. 
DUTY 
FACTOR. 
D=t1/t2 


1f~~~~AEU~~~PONSE) 
11II111 
2. 
PEAK 
TJ=PDM 
X 
ZthJC 
+ 
TC 


10-4 
10-3 
10-2 
O. 1 
1 


t1. 
RECTANGULAR 
PULSE 
DURATION 
(SECONDS) 


{!!. 


••• w 
w ••.• 
z'" 
ZO 
<::E 
:Z:a: 
Uw 
'~ 
Zo 
a.. 


Performance 
Curves 
(Continued) 


20 
103 


VOS 
~ 
50V 
i 
HO",s 
PULSE 
TEST 
5 
I 
I 
! 
.Y 
•.•. 
ii1 
w 
ii1 
ffi 
z 
16 
w 


I 
~' 


Q. 
2 
:t 
:t 
~ 
---r- 
TJ=2S0C 
~ 


!'l 
J7 
I 1 
I 
~ 102 
Z 
w 
12 
w 
0 
.-:---r I 
I 


cr 
z 
cr 
5 
, 
;; 
::> 
0 
'I 
TJ<"50C 


u 
- 
TJ-n5DC 
::> 
/ fi 
is 
/7 
c 
I 
I 
2 
Z 
.. 
/ 


c 
8 / / 


cr 
u 
1 
i 
I 


c 


Ul 
I 
10 
:i 
w 
Ul 


go 
'/ 
! 


cr~ 
5 
~ 
A 
w 


i 
i 


cr 
'" 
Ii: 
I 
T J-25OC 
I 
, 
.9 
2 


I 
! 
I 
I 


0 
I 
1 


0 
10 
20 
3u 
.0 
00 
0.0 
0.6 
1.2 
1.8 
2 
'- 
3.0 


10, 
DRAIN 
CURRENT 
(AMPERES) 
VSO' 
SOURCE-TO-ORAIN 
VOLTAGE 
(VOLTS) 


FIGURE 6. TYPICAL TRANSCONDUCTANCE 
vs DRAIN 
FIGURE 7. TYPICAL SOURCE-DRAIN 
DIODE FORWARD 


CURRENT 
VOLTAGE 


1. 25 
3.0 


UJ 
w 
10 
< 
28. 


" 
u 
;; 
z 


-' 
;; 
0 
~ 
> 
1.15 
2. 
A 


Z 
/' V 
Ul 
1/ 
w 
x 
cr 
0~ 
/' 
z 
/ 
~ 
.,/ 
0 


~ ~ 
1 
05 
w 
5l.B 
,,;- 
u 
"'N 
V 


cr ~ 
/' 
UJ~ 
::> 
o 
-J 
0 
~~ 
/' 
'? 


...J 
./ 
.. 
V 
ocr 
/' 
~ 
:t 
lfl 
~ 
0.95 
§ 1.2 


~ 
...- 
is 6 
/' 


10 
'= 
ImA 
.. 
~ 


cr 
........ 
c 
~ 
V 
<t 
0.85 
0.6 
0 
~ 
ci> 
en 
Ul 
>0 
C 


III 
cr 
vGS 
,., 
10V 
0.75 
0.0 


-60 
-AO 
-20 
0 
20 
40 
60 
80 
100 120 140 160 180 
-60 
-40 
-20 
0 
20 
40 
60 eo 
100120140160180 


TJ. 
JUNCTION 
TEMPERATURE 
( DC) 
T J. 
JUNCTION 
TEMPERATURE 
( DC) 


FIGURE 8. BREAKDOWN VOLTAGE 
YS TEMPERATURE 
FIGURE 9. NORMALIZED ON-RESISTANCE 
YS 


TEMPERATURE 


1.0 
801-'5 
PULSE 
TEST 
30 


I 
I 
w 
U 
I 
Z 


I 
i' 
I 


;; 
•....••. 
~ 
0.8 
ii1 
24 ..••.•... 
! 


Ul 
w 
...•..•. 


.......j'-.... 
I 
I 
w 
cr 
•....••. 


I 
cr 
w 
Z 


Q. 


I 


j'-.... 
JRF540. 
5Al 
- I--I-- 


0 
>: 
,I 
I 
~ 
w 
0.6 
18 
u 
~ 
I 
IRF542.~"""'" 


cr 
z 
::> 
w 
0 
cr 
'? 
cr 


I " 


::> 
g 


O. A 
u 


12 


"- 
, 
~ 
I 
~I 
is 


"- 
.. 
cr 
cr 
0 
,~ 
0 


0.2 
vGS 
., 
tOV 
_0 
6 


~ 
", V 
, 


Ul0 
IVGS '. 
cr 
20v 
0.00 
25 
50 
75 
100 
125 
025 
50 
75 
100 
125 
150 
175 


10, 
DRAIN 
CURRENT 
(AMPERES) 
TC' 
CASE 
TEMPERATURE 
( °C) 


FIGURE 10. TYPICAL CAPACITANCE 
YS DRAIN-TO-SOURCE 
FIGURE 11. TYPICAL GATE CHARGE YS 


VOLTAGE 
GATE-TO-SOURCE 
VOLTAGE 


1.0 


w; 
0.8 


a: 
6 
w 
0.6 
ua: 
~ 
~ 
O. , 


~ 


~ 


0.2 


'" 
0 
a: 


90,,5 
PU:...5:' ;:'57 
I + 


I 


I 
I 
- 
- 
I 


I 
I 
I 


I 
I 
I 


I 
I 


I 
+ 


- - 


I 


I 
I 
I 
I 
I 
I 
VGS 
•• 
10V 


I 
~IJL ..1 


I 
I 
IV~,·' 
20VI 


PULSE 
WIDTH",,- 
lJ-LS 
DUTY 
FACTOR",,- 
0.1% 


VARY tp TO OBTAIN 
REQUIRED 
PEAK 
IL 


VGS=~CJ 
, 
~L 


~.5mA 
S 
o 
- 
- 
-VDS 


IG CURRENT 
_ 
10 CURRENT 
SAMPUNG 
RESISTOR 
- 
SAMPUNG 
RESISTOR 


~ 
••••• 
LLI 
LLI 
••••• 


ZU> 
ZQ 
<:::E 
:Z:a: 
~LL1 
'3:: 
ZQ 
Q. 


mHARRIS 
'RF610/611/612/613 


'RF610R/611R/612R/613R 


N-Channel Power MOSFETs 


Avalanche Energy Rated* 


Features 


• 2.6A and 3.3A, 150V - 200V 


• rDS(on) = 1.50 and 2.40 


• Single Pulse Avalanche Energy Rated* 


• SOA is Power-Dissipation 
Limited 


• Nanosecond Switching Speeds 


• Linear Transfer Characteristics 


TO-220AB 
TOP VIEW 


Description 


The IRF610, IRF611, IRF612, and IRF613 are n-channel 
enhancement-mode silicon-gate power field-effect transis· 
tors. IRF610R, IRF611R, IRF612R and IRF613R types are 
advanced power MOSFETs designed, tested, and guaranteed 
to withstand a specified level of energy in the breakdown 
avalanche mode of operation. All of these power MOSFETsare 
designed 
for 
applications 
such 
as switching 
regulators, 


switching converters, motor drivers, relay drivers, and drivers 
for high-power 
bipolar switching transistors requiring high 
speed and low gate-drive power. Thesetypes can be operated 
directly from integrated circuits. 


The IRF types are supplied in the JEDEC TO-220AB plastic 
package. 


Terminal Diagram 


N-CHANNEL 
ENHANCEMENT 
MODE 


G~ 


S 


Drain-Source Voltage (1) 
VDS 
Drain-Gate Voltage (RGS = 20kO) (1) ....•........... 
VOGR 
Continuous Drain Current 
TC = +250C ............................•......••.. 
10 
TC = +1 OOoC..•••....•.................•.......... 
10 
Pulsed Drain Current (3) .........•..................•. 
10M 
Gate-Source Voltage 
VGS 
Maximum Power Dissipation 
TC = +250C 
Po 
Unear Derating Factor ........•.......................... 
Inductive Current, Clamped ....•...................... 
ILM 
(See Figure 14, L = 1OO~H) 
Single Pulse Avalanche Energy Rating (4) 
EAS· 


Operating and Storage Junction 
TJ, TSTG 
Temperature Range 
Maximum Lead Temperature for Soldering ....•.......... 
TL 
(0.063" (1.6mm) from case for 10s) 


IRF610 
IRF611 
IRF612 
IRF613 
IRF610R 
IRF611R 
IRF612R 
IRF613R 


200 
150 
200 
150 


200 
150 
200 
150 


3.3 
3.3 
2.6 
2.6 


2.1 
2.1 
1.6 
1.6 


8 
8 
6.5 
6.5 


±20 
±20 
±20 
±20 


43 
43 
43 
43 
0.34 
0.34 
0.34 
0.34 


10 
10 
8.0 
8.0 


46 
46 
46 
46 


-55to+150 
-55to 
+150 
-55 to +150 
-55to 
+150 


300 
300 
300 
300 


NOTES: 


1. TJ = +2SoC 
to +1S00C. 


2. Pulse Test: 
Pulse width 
:5:300us. 
Duty Cycle.:5: 2%. 


3. Repetitive 
rating: Pulse width limited by maximum 
junction temperature. 


see Transient Thermal 
Impedance 
Curve (Figure 5). 


<loR Suffix Types Only 


4. VOD = SOY. starting 
TJ = +2SoC. 
L = 6.4mH. 
RGS = 2S0. 


IpEAK = 3.3A. S•• 
Figur. 
1S. 


UNITS 


V 
V 


W 


W/oC 
A 


LIMITS 


CHARACTERISTIC 
SYMBOL 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Drain-Source 
Breakdown 
Voltage 
BVDSS 
VGS = OV,ID = 250lJA 
IRF610/612,IRF610R/612R 
200 
- 
- 
V 


IRF611/613,IRF611 
R/613R 
150 
- 
- 
V 


Gate Threshold Voltage 
VGSrTH) 
VDS = VGS, 10 - 250~A 
2.0 
- 
4.0 
V 


Gate-Source 
Leakage Forward 
IGSS 
VGS-20V 
- 
- 
500 
nA 


Gate-Source 
Leakage Reverse 
IGSS 
VGS--20V 
- 
- 
-500 
nA 


Zero Gate Voltage Drain Current 
IDSS 
VDS - Max Rating, VGS - OV 
- 
250 
~A 


VDS - Max Rating x 0.8, VGS - OV, 
- 
1000 
~A 
TJ = +1250C 


On-State 
Drain Current (Note 2) 
ID(ON) 
VDS> 
ID(ON) x rDS(ON) Max, VGS -10V 
IRF61 0/611,IRF61 
OR/611 R 
3.3 
- 
- 
A 


IRF612/613,IRF612R/613R 
2.6 
- 
- 
A 


Static Drain-Source 
On-State 
rDS(ON) 
VGS-10V,ID-1.6A 
Resistance (Note 2) 
IRF610/611,IRF610R/611R 
- 
1.0 
1.5 
0 


IRF612/613,IRF612R/613R 
- 
1.5 
2.4 
0 


Forward Transconductance 
(Note 2) 
9fs 
VDS> 
50V, ID - 1.6A 
0.8 
1.3 
- 
Sm) 


Input Capacitance 
CISS 
VGS - OV,VDS - 25V, f - 1.0MHz 
- 
135 
- 
pF 


Output Capacitance 
COSS 
See Figure 10 
- 
60 
- 
pF 


Reverse Transfer Capacitance 
CRSS 
- 
16 
- 
pF 


Turn-On 
DelayTime 
tdfONl 
VDD - 1OOV,ID '" 3.3A, RG - 240 
- 
8 
12 
ns 


Rise Time 
tr 
See Figure 16. (MOSFET switching 
times 
- 
17 
26 
ns 


Turn-Off 
Delay Time 
!dIOFFl 
are essentially independent 
of operating 
- 
13 
21 
ns 
temperature) 
Fall Time 
tf 
- 
9 
13 
ns 


Total Gate Charge 
Og 
VGS - 10V,ID - 3.3A, VDS - 0.8V Max 
- 
5.3 
8.2 
nC 
(Gate-Source 
+ Gate-Drain) 
Rating. See Figure 17 for test circuit. 


Gate-Source 
Charge 
Oos 
(Gate charge is essentially independent 
of 
- 
1.2 
- 
nC 


Gate-Drain 
("Miller") 
Charge 
Ogd 
operating temperature.) 
- 
3.0 
- 
nC 


Internal Drain Inductance 
LD 
Measured from the 
Modified MOSFET 
- 
3.5 
- 
nH 
contact screw on 
symbol showing the 
tab to center of die 
internal device 
inductances. 
Measured from the 


~ 


- 
4.5 
- 
nH 
drain lead, 6mm 
(0.25in.) from pack- 
age to center of die 


Internal Source Inductance 
LS 
Measured from the 
LS 
- 
7.5 
- 
nH 
source lead, 6mm 
(0.25") from header 
S 
and source bonding 
pad. 


Junction-to-Case 
ROJC 
- 
- 
2.9 
°CIW 
Case-to-Sink 
ROCS 
Mounting surface flat, smooth and greased 
- 
0.5 
- 
°CIW 
Junction-to-Ambient 
ROJA 
Free air operation 
- 
- 
80 
°CIW 


Continuous 
Source Current 
IS 
Modified MOSFET ~-ij 


- 
- 
3.3 
A 
(Body Diode) 
symbol showing th~ 


Pulse Source Current 
ISM 
integral reverse 
- 
- 
8 
A 
(Body Diode) (Note 3) 
P-N junco rectifier. 


Diode Forward Voltage (Note 2) 
VSD 
TJ = +250C,IS 
=3.3A, 
VGS = OV 
- 
- 
2.0 
V 


Reverse Recovery Time 
trr 
TJ - +250C, IF - 3.3A, dlF/dt - 100A/~s 
75 
160 
310 
ns 


Reverse Recovered 
Charge 
ORR 
TJ - +250C,IF 
- 3.3A, dlF/dt - 100A/~s 
0.33 
0.9 
1.4 
~C 
Forward Turn-on 
Time 
tON 
Intrinsic turn-on 
time is negligible. Turn-on 
- 
- 
- 
- 
speed is substantially 
controlled 
by LS + LD. 


NOTES: 
1. TJ = +250C 
to +1500C 
2. Pulse Test: 
Pulse width 
< 300~s. 
Duty Cycle ~2% 


3. Repetitive 
Rating: 
Pulse width 
limited 
by max. 
junction 
temperature. 
See Transient 
Thermal 
Impedance 
Curve (Figure 
5) 
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mHARRIS 
'RF620/621/622/623 
'RF620R/621R/622R/623R 


N-Channel Power MOSFETs 
Avalanche Energy Rated* 


Features 


• 4.0A 
and 
5.0A, 
150V 
- 200V 


• rDS(on) 
= o.sn 
and 
1.2n 


• Single 
Pulse 
Avalanche 
Energy 
Rated* 


• SOA 
is Power-Dissipation 
Limited 


• Nanosecond 
Switching 
Speeds 


• Linear 
Transfer 
Characteristics 


• High 
Input 
Impedance 


Description 


The 
IRF620, 
IRF621, 
IRF622, 
and 
IRF623 
are 
n-channel 
enhancement-mode 
silicon-gate 
power 
field-effect 
transis' 
tors. 
IRF620R, 
IRF621 R, IRF622R 
and 
IRF623R 
types 
are 
advanced 
power 
MOSFETs 
designed, 
tested, 
and guaranteed 
to 
withstand 
a specified 
level 
of 
energy 
in the 
breakdown 
avalanche 
mode of operation. 
All of these 
power 
MOSFETs 
are 
designed 
for 
applications 
such 
as 
switching 
regulators, 
switching 
converters, 
motor 
drivers, 
relay drivers, 
and drivers 
for 
high-power 
bipolar 
switching 
transistors 
requiring 
high 
speed 
and low gate-drive 
power. 
These types 
can be operated 
directly 
from 
integrated 
circuits. 


The 
IRF types 
are supplied 
in the JEDEC 
TO-220AB 
plastic 
package. 


TO-220AB 
TOP VIEW 


Terminal Diagram 


N-CHANNEL 
ENHANCEMENT MODE 


D 


G~ 


S 


Drain-Source Voltage (1) 
VDS 
Drain-Gate Voltage (RGS = 20kO) (1) 
VDGR 
Continuous Drain Current 
TC = +250C .........................•............. 
10 
TC = +1 OOoC.............................•........ 
ID 
Pulsed Drain Current(3) 
.................•............ 
10M 
Gate-Source Voltage 
VGS 
Maximum Power Dissipation 
TC = +250C 
PD 
Unear Derating Factor 
. 
Inductive Current, Clamped 
ILM 
(See Figure 14, L = 1OO~H) 
Single Pulse Avalanche Energy Rating (4) 
EAS' 
Operating and Storage Junction 
TJ, TSTG 
Temperature Range 
Maximum Lead Temperature for Soldering 
TL 
(0.063" (1.6mm) from case for 10s) 


NOTES: 


1. TJ = +2SoC to +1S00C. 


2. Pulse Test: Pulse width .s. 300Jls. Duty Cycle ~ 2%. 


3. Repetitive rating: Pulse width limited by maximum junction temperature. 
see Transient 
Thermal 
Impedance 
Curve (Figure 
5). 


*R Suffix Types Only 


IRF620 
IRF621 
IRF622 
IRF623 
IRF620R 
IRF621R 
IRF622R 
IRF623R 


200 
150 
200 
150 
200 
150 
200 
150 


5.0 
5.0 
4.0 
4.0 
3.0 
3.0 
2.5 
2.5 
20 
20 
16 
16 
±20 
±20 
±20 
±20 


40 
40 
40 
40 
0.32 
0.32 
0.32 
0.32 
20 
20 
16 
16 


85 
85 
85 
85 
-55to+150 
-55 to +150 
-55to+150 
-55to 
+150 


300 
300 
300 
300 


UNITS 


V 
V 


W 
W/oC 
A 


~ 
••• w 
w •.•.• 
Z'" 
zO 
ce~ 
::Ca: 
c.:lw 
'~ 
Zo 
a.. 


UMITS 


CHARACTERISTIC 
SYMBOL 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Drain-Source 
Breakdown 
Voltage 
BVOSS 
VGS = OV,IO = 250flA 
IRF620/622,IRF620R/622R 
200 
- 
- 
V 


IRF621 /623,IRF621 
R/623R 
150 
- 
- 
V 


Gate Threshold Voltage 
VGSfTHl 
VOS - VGS, 10 - 250flA 
2.0 
- 
4.0 
V 


Gate-Source 
Leakage Forward 
IGSS 
VGS - 20V 
- 
- 
500 
nA 


Gate-Source 
Leakage Reverse 
IGSS 
VGS--20V 
- 
- 
-500 
nA 


Zero Gate Voltage Drain Current 
lOSS 
VOS = Max Rating, VGS = OV 
- 
- 
250 
~A 


VOS = Max Rating x 0.8, VGS = OV, 
- 
- 
1000 
~A 
TJ=+1250C 


On-State 
Drain Current (Note 2) 
10(ON) 
VOS> 
10(ON) x rOS(ON) Max, VGS - 10V 
IRF620/621,IRF620R/621 
R 
5.0 
- 
- 
A 


IRF622/623,IRF622R/623R 
4.0 
- 
- 
A 


Static Drain-Source 
On-State 
rOS(ON) 
VGS-10V,10-2.5A 
Resistance (Note 2) 
IRF620/621,IRF620R/621 
R 
- 
0.5 
0.8 
0 


IRF622/623,IRF622R/623R 
- 
0.8 
1.2 
0 


Forward Transconductance 
(Note 2) 
9fs 
VOS> 
10lONl x ROS(ON1Max 
In = 2.5A 
1.3 
2.5 
- 
san 


Input Capacitance 
CISS 
VGS = OV,VOS = 25V, f = 1.0MHz 
- 
450 
- 
pF 


Output Capacitance 
COSS 
See Figure 10 
- 
150 
- 
pF 


Reverse Transfer Capacitance 
CRSS 
- 
40 
- 
pF 


Turn-On 
Delay Time 
td(ONl 
VOO - 2.5BVOSS,10 
- 5.0A, RG - 9.1 0 
- 
20 
40 
ns 


Rise Time 
tr 
See Figure 16. (MOSFET switching 
times 
- 
30 
60 
ns 


Turn-Off 
Delay Time 
!d(OFFl 
are essentially independent 
of operating 
- 
50 
100 
temperature) 
ns 


Fall Time 
tf 
- 
30 
60 
ns 


Total Gate Charge 
Og 
VGS - 1OV,IO - 5.0A, VOS - 0.8V Max 
- 
11 
15 
nC 
(Gate-Source 
+ Gate-Drain) 
Rating. See Figure 17 for test circuit 


Gate-Source 
Charge 
Oos 
(Gate charge is essentially independent 
of 
- 
5.0 
- 
nC 


Gate-Drain 
("Miller") 
Charge 
°od 
operating temperature.) 
- 
6.0 
- 
nC 


Internal Drain Inductance 
LO 
Measured from the 
Modified MOSFET 
- 
3.5 
- 
nH 
contact screw on 
symbol showing the 
tab to center of die 
internal device 


Measured from the .~ 


- 
4.5 
- 
nH 
drain lead, 6mm 
:m 
LO 
(0.25in.) from pack- 
age to center of die 


Internal Source Inductance 
LS 
Measured from the 
LS 
- 
7.5 
- 
nH 
source lead, 6mm 
(0.25") from header 
S 
and source bonding 
pad. 


Junction-ta-Case 
ReJC 
- 
- 
3.12 
oC/W 


Case-to-Sink 
Recs 
Mounting surface flat, smooth and greased 
- 
0.5 
- 
oC/W 
Junction-ta-Ambient 
R~14 
Free air ooeration 
- 
- 
80 
°C/W 


Continuous 
Source Current 
IS 
Modified MOSFET 


~ 


- 
- 
5.0 
A 
(Body Diode) 
symbol showing the 


Pulse Source Current 
ISM 
integral reverse 
- 
- 
20 
A 
(Body Diode) (Note 3) 
P-Njunc. 
rectifier. 


Diode Forward Voltage (t;lote 2) 
VSO 
TJ - +250C,IS 
- 5.0A, VGS - OV 
- 
- 
1.8 
V 
Reverse Recovery Time 
trr 
TJ 
+1500C,IF 
- 5.0A, dlF/dt -1 OON~s 
- 
350 
ns 
Reverse Recovered 
Charge 
°RR 
TJ 
+1500C,IF 
- 5.0A, dlF/dt -1 OON~s 
- 
2.3 
- 
~C 
Forward Turn-on 
Time 
tON 
Intrinsic turn-on 
time is negligible. Turn-on 
- 
- 
- 


speed is substantially 
controlled 
by LS + LO. 


NOTES: 1. TJ = +2SoC to +1sooC 
2. Pulse Test: Pulse width $. 300~s. 


Duty Cycle.$. 2% 


3. Repetitive Rating: 
Pulse width limited by max. 
junction 
temperature. 
See Transient 
Thermal 
Impedance 
Curve (Figure 5) 
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Fig. 11 - Typical Gate Charge Vs. Gate-ta-Source Voltage 


z" 
I;; 


~ 
1.0 
zo 


u=~ 
o 
~ 
Z 
D,S 
~ 


ROSlon) MEASURED 
WITH 
CURRENT 
PULSE OF 
2.0101$OURATION. 
INITIAL 
TJ = 25°C. 
(HEATING 
EFFECT OF 2.0~, PULSE IS MINIMAL.) 


PULSE 
WIDTH 
<::. 
1flS 


DUTY 
FACTOR 
<::. 
0.1% 


Fig. 13 - 
Maximum 
Drain Current 
Vs. Case 


Temperature 


VARY tp TO OBTAIN 
REQUIRED 
PEAK 
IL 


VGs=]j .. 
~ 
t 
tp 


~.5mA 
S 
o 
- - 
-VDS 


IG 
CURRENT 
_ 
'D 
CURRENT 


SAMPUNG 
RESISTOR 
- 
SAMPUNG 
RESISTOR 


{!!. 
~w 
w ••• 
ZU) 
zQ 
cell: 
2: a: 
Uw 
'3: 
ZQ 
A. 


((I HARRIS 


Features 


• 3.SA 
and 
3.3A, 
250V - 275V 


• rDS(on) 
= 1.Hl 
and 
1.50. 


• Single 
Pulse 
Avalanche 
Energy 
Rated 


• SOA 
is Power-Dissipation 
Limited 


• Nanosecond 
Switching 
Speeds 


• Linear 
Transfer 
Characteristics 


• High 
Input 
Impedance 


• 250/275V 
DC Rating 
- 120V AC 
Line 
System 
Operation 


Description 


The IRF624, 
IRF625, 
IRF626, 
and IRF627 
are advanced 
power 
MOSFETs 
designed, 
tested 
and 
guaranteed 
to withstand 
a 
specified 
level of energy 
in the breakdown 
avalanche 
mode of 
operation. 
These 
are n-channel 
enhancement 
mode 
silicon- 
gate 
power 
field-effect 
transistors 
designed 
for 
applications 
such as sWitching 
regulators, 
switching 
converters, 
motor driv- 
ers, relay drivers, 
and drivers 
for high-power 
bipolar 
switching 
transistors 
requiring 
high 
speed 
and 
low 
gate-drive 
power. 


These 
types 
can 
be operated 
directly 
from 
integrated 
circuits. 


The 
IRF-types 
are supplied 
in the JEDEC 
TO-220AB 
plastic 
package. 


IRF624, IRF625 
IRF626, IRF627 


N-Channel 
Power MOSFETs 
Avalanche 
Energy Rated 


TO-220AB 
TOP VIEW 


Terminal Diagram 


N-CHANNEL 
ENHANCEMENT MODE 


D 


G~ 


S 


Drain-Source Voltage (1) ...................•........ 
VDS 
Drain-Gate Voltage (RGS = 20kl1) (1) 
VDGR 
Continuous Drain Current 
TC = +250C 
10 
TC = +1000C 
10 
Pulsed Drain Current (3) 
10M 
Gate-Source Voltage 
VGS 
Maximum Power Dissipation 
TC = +250C 
Po 
Linear Derating Factor 
. 


Single Pulse Avalanche Energy Rating (4) 
EAS 
Operating and Storage Junction 
TJ' TSTG 
Temperature Range 
Maximum Lead Temperature for Soldering 
TL 
(0.063" (1.6mm) from case for 10s) 


NOTES: 


1. TJ = +2SoC to +1S00C 
2. Pulse Test: 
Pulse width ~ 300~s. Duty Cycle <:; 2%. 
3. Repetitive rating: Pulse width limited by maximum junction temperature. 


see Transient Thermal 
Impedance 
Curve (Figure 5). 


IRF624 
IRF625 
IRF626 
IRF627 


250 
250 
275 
275 
250 
250 
275 
275 


3.8 
3.3 
3.8 
3.3 
2.4 
2.1 
2.4 
2.1 


15 
13 
15 
13 
±20 
±20 
±20 
±20 


40 
40 
40 
40 
0.32 
0.32 
0.32 
0.32 
120 
120 
120 
120 
-55to+150 
-55to 
+150 
-55 to +150 
-55to 
+150 


300 
300 
300 
300 


4. VDD = SOV,starting TJ = +2SoC. L = 13.6mH, RGS = 2S0. 


IpEAK = 3.8A. See Figures 14 & 1S. 


UNITS 


V 
V 


W 
W/oC 
mJ 
°c 


UMITS 


CHARACTERISTIC 
SYMBOL 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Drain-Source 
Breakdown 
Voltage 
BVOSS 
VGS = OV,lo = 250jJA 
IRF624,IRF626 
275 
- 
- 
V 


IRF625,IRF627 
250 
- 
- 
V 


Gate Threshold Voltage 
VGSITHl 
VOS - VGS, 10 - 250jJA 
2.0 
- 
4.0 
V 


Gate-Source 
Leakage Forward 
IGSS 
VGS-20V 
- 
- 
500 
nA 


Gate-Source 
Leakage Reverse 
IGSS 
VGS--20V 
- 
-500 
nA 


Zero Gate Voltage Drain Current 
lOSS 
VOS - Max Rating, VGS - OV 
- 
- 
250 
jJA 


VOS - Max Rating x 0.8, VGS - OV, 
- 
- 
1000 
jJA 
TJ=+1250C 


On-State 
Drain Current (Note 2) 
10(ON) 
VOS> 
10(ON) x rOS(ON) Max, VGS = 10V 
IRF624,IRF626 
3.8 
- 
- 
A 


IRF625,IRF627 
3.3 
- 
- 
A 


Static Drain-Source 
On-State 
rOS(ON) 
VGS = 10V,I0 
= l.4A 
Resistance (Note 2) 


IRF624,IRF626 
- 
0.8 
1.1 
0 


IRF625,IRF627 
- 
1.05 
1.5 
0 


Forward Transconductance 
(Note 2) 
9fs 
VOS = 2 x VGS, IDS = 1.9A 
1.4 
2.1 
- 
Sm) 


Input Capacitance 
CISS 
VGS = OV,VOS = 25V, f = 1.0MHz 
- 
340 
- 
pF 


Output Capacitance 
COSS 
See Figure 10 
- 
110 
- 
pF 


Reverse Transfer Capacitance 
CRSS 
- 
32 
- 
pF 


Turn-On 
Delay Time 
tdlONl 
VOO - 125V, 10 - 3.8A, RG - 180 
- 
11 
17 
ns 


Rise Time 
tr 
See Figure 16. (MOSFET switching 
times 
- 
24 
36 
ns 


Turn-Off 
Delay Tome 
!dIOFFl 


are essentially independent 
of operating 
- 
21 
32 
temperature) 
ns 


Fall Time 
tf 
- 
13 
20 
ns 


Total Gate Charge 
Qg 
VGS -10V,10 
- 3.8A, VOS - 0.8 Max 
- 
15 
22 
nC 


(Gate-Source 
+ Gate-Drain) 
Rating. See Figure 17 for test circuit. 


Gate-Source 
Charge 
Qas 
(Gate charge is essentially independent 
of 
- 
4.0 
- 
nC 


Gate-Drain 
("Miller") 
Charge 
Qad 
operating temperature.) 
- 
7.2 
- 
nC 


Internal Drain Inductance 
LO 
Measured between 
Modified MOSFET 
- 
4.5 
- 
nH 
the contact screw on 
symbol showing the 
header that is closer 
internal device 
to source and gate 
inductances. 


pins and center of 


~ 


center of die. 


Internal Source Inductance 
LS 
Measured from the 
- 
7.5 
- 
nH 
source lead, 6mm 
G 
I 
(0.25") from header 
LS 
and source bonding 
pad. 
S 


Junction-ta-Case 
RaJC 
- 
- 
3.12 
oC/W 


Case-to-Sink 
Racs 
Mounting surface flat, smooth and greased 
- 
0.5 
- 
°C/W 
Junction-ta-Ambient 
RaJA 
Free air operation 
- 
- 
80 
°C/W 


Continuous 
Source Current 
IS 
Modified MOSFET 


~ 


- 
- 
3.8 
A 
(Body Diode) 
symbol showing the 


Pulse Source Current 
ISM 
integral reverse 
- 
- 
15 
A 
(Body Diode) (Note 3) 
P-N junco rectifier. 


Diode Forward Voltage (Note 2) 
VSO 
TJ - +250C, IS -3.8A, 
VGS - OV 
- 
- 
1.8 
V 
Reverse Recovery Time 
trr 
TJ - +250C, IF - 3.8A, dlF/dt - 1OON~s 
81 
180 
370 
ns 
Reverse Recovered Charge 
QRR 
TJ - +250C, IF - 3.8A, dlF/dt- 
100A/~s 
0.44 
0.93 
2.0 
~C 
Forward Turn-on 
Time 
tON 
Intrinsic turn-on 
time is negligible. Turn-on 
- 
- 
- 
- 
speed is substantially 
controlled 
by LS + Lo. 


NOTES: 1. TJ = +250C to +1500C 
2. Pulse Test: Pulse width :::;300~s. Duty Cycle:::; 2% 
3. Repetitive 
Rating: 
Pulse 
width 
limited 
by 
max. 
junction 


temperature. 
See Transient Thermal 
Impedance 
Curve (Figure 5) 


4. VDD = 20V. starting TJ = +250C, 
L = 3.37mH. 
RGS = 50n, 


IpEAK = SA. See Figure 
15. 
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m HARRIS 


• 8.0A and 9.0A, 150V - 200V 


• rDs(on) = 0.40 
and 0.60 


• Single Pulse Avalanche Energy Rated* 


• SOA is Power-Dissipation 
Limited 


• Nanosecond Switching Speeds 


• Linear Transfer Characteristics 


• High Input Impedance 


Description 


The IRF630, IRF631, IRF632, and 
IRF633 are n-channel 
enhancement-mode silicon-gate 
power field-effect 
transis- 
tors. IRF630R, IRF631R, IRF632R and IRF633R types are 
advanced power MOSFETs designed, tested, and guaranteed 
to withstand a specified level of energy in the breakdown 
avalanche mode of operation. All of these power MOSFETsare 
designed 
for 
applications 
such 
as switching 
regulators, 
switching converters, motor drivers, relay drivers, and drivers 
for high-power 
bipolar switching transistors requiring high 
speed and low gate-drive power. Thesetypes can be operated 
directly from integrated circuits. 


The IRF types are supplied in the JEDEC TO-220AB plastic 
package. 


'RF630/631/632/633 
'RF630R/631R/632R/633R 


N-Channel 
Power MOSFETs 


Avalanche 
Energy Rated* 


TO-220AB 
TOP VIEW 


Terminal 
Diagram 


N-CHANNEL 
ENHANCEMENT 
MODE 


Drain-Source Voltage (1) ..................•.•..... 
" 
VDS 
Drain-Gate Voltage (RGS = 20kO) (1) .....•.......... 
VOGR 
Continuous Drain Current 
TC = +250C .•..................................... 
10 
TC = +1000C 
10 
Pulsed Drain Current (3) 
IOM 
Gate-Source Voltage 
....•.......................... 
VGS 
Maximum Power Dissipation 
TC = +250C 
.....•......................•.......... 
Po 
Linear Derating Factor .....•............................• 
Inductive Current, Clamped .••........................ 
ILM 
(See Figure 14, L = 100flH) 
Single Pulse Avalanche Energy Rating (4) 
EAS' 
Operating and Storage Junction 
TJ, TSTG 
Temperature Range 
Maximum Lead Temperature for Soldering 
TL 
(0.063" (1.6mm) from case for 10s) 


NOTES: 


1. TJ = +2SoC to +1S00C. 


2. Pulse Test: 
Pulse width ~ 30°1-15,Duty Cycle ~ 2%. 


3. Repetitive rating: Pulse width limited by maximum 
junction temperature. 
See Transient Thermal Impedance 
Curve (Figure 5). 


"'R Suffix Types Only 


IRF630 
IRF631 
IRF632 
IRF633 


IRF630R 
IRF631R 
IRF632R 
IRF633R 


200 
150 
200 
150 


200 
150 
200 
150 


9.0 
9.0 
8.0 
8.0 
6.0 
6.0 
5.0 
5.0 
36 
36 
32 
32 


±20 
±20 
±20 
±20 


75 
75 
75 
75 
0.6 
0.6 
0.6 
0.6 
36 
36 
32 
32 


150 
150 
150 
150 
-55to 
+150 
-55 to +150 
-55 to +150 
-55 to +150 


300 
300 
300 
300 


UNITS 


V 
V 


W 


W/oC 
A 


~ 
... ... 
....... 


Z 
." 
zCl 
c~ 
::ere 
u ••• 
'31: 
ZClQ. 


LIMITS 


CHARACTERISTIC 
SYMBOL 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Orain-Source 
Breakdown 
Voltage 
BVOSS 
VGS = OV,IO = 2S0flA 
IRF630/632.IRF630R/632R 
200 
- 
- 
V 


IRF631/633.IRF631 
R/633R 
1S0 
- 
- 
V 


Gate Threshold Voltage 
VGSITHl 
VOS - VGS, 10 - 2S0~A 
2.0 
- 
4.0 
V 


Gate-Source 
Leakage Forward 
IGSS 
VGS- 
20V 
- 
- 
SOO 
nA 


Gate-Source 
Leakage Reverse 
IGSS 
VGS--20V 
- 
- 
-SOO 
nA 


Zero Gate Voltage Orain Current 
lOSS 
VOS - Max Rating, VGS - OV 
- 
- 
2S0 
flA 


VOS - Max Rating x 0.8, VGS - OV, 
- 
- 
1000 
flA 
TJ=+12S0C 


On-State 
Orain Current (Note 2) 
10(ON) 
VOS> 
10(ON) x rOS(ON) Max, VGS = 10V 
IRF630/631,IRF630R/631 
R 
9.0 
- 
- 
A 


IRF632/633,IRF632R/633R 
8.0 
- 
- 
A 


Static Orain-Source 
On-State 
rOS(ON) 
VGS-10V,10-S.OA 
Resistance (Note 2) 
IRF630/631,IRF630R/631 
R 
- 
0.2S 
0.4 
n 


IRF632/633,IRF632R/633R 
- 
0.4 
0.6 
n 


Forward Transconductance 
(Note 2) 
9fs 
VOS> 
10(ON) x ROS(ON)Max,10 
= S.OA 
3.0 
4.8 
- 
Sm) 


Input Capacitance 
CISS 
VGS - OV,VOS - 2SV, f - 1.0MHz 
- 
600 
- 
pF 


Output Capacitance 
COSS 
See Figure 10 
- 
2S0 
- 
pF 


Reverse Transfer Capacitance 
CRSS 
- 
80 
- 
pF 


Turn-On 
Oelay Time 
tdlONl 
VOO - 90V,I0 
- 9.0A, RG - 9.1n 
- 
- 
30 
ns 


RiseTime 
tr 
See Figure 16. (MOSFET switching 
times 
- 
- 
SO 
ns 


Turn-OH Oelay Time 
!dlOFFl 
are essentially independent 
of operating 
- 
- 
SO 
temperature) 
ns 
Fall Time 
tf 
- 
- 
40 
ns 


Total Gate Charge 
Og 
VGS = 10V, 10 - 9.0A, VOS - 0.8V Max 
- 
19 
30 
nC 
(Gate-Source 
+ Gate-Drain) 
Rating. See Figure 17 for test circuil. 


Gate-Source 
Charge 
Oas 
(Gate charge is essentially independent 
of 
- 
10 
- 
nC 
Gate-Orain 
("Miller") 
Charge 
Oad 
operating temperature.) 
- 
9.0 
- 
nC 


Internal Orain Inductance 
LO 
Measured from the 
Modified MOSFET 
- 
3.S 
- 
nH 
contact screw an 
symbol showing the 
tab to center of die 
internal device 
inductances. 
Measured from the 


~ 


- 
4.S 
- 
nH 
drain lead, 6mm 
(0.2Sin.) from pack- 
age to center of die 
Internal Source Inductance 
LS 
Measured from the 
LS 
- 
7.S 
- 
nH 
source lead, 6mm 
(0.2S") from header 
S 
and source bonding 
pad. 


Junction-ta-Case 
RaJC 
- 
- 
1.67 
ac/W 
Case-to-Sink 
Racs 
Mounting surface flat, smooth and greased 
- 
O.S 
- 
°C/W 
Junction-ta-Ambient 
RA.IA 
Free air operation 
- 
- 
80 
°C/W 


Continuous 
Source Current 
IS 
Modified MOSFET 


~ 


- 
- 
9.0 
A 
(Body Oiode) 
symbol showing the 


Pulse Source Current 
ISM 
integral reverse 
- 
- 
36 
A 
(Body Oiode) (Note 3) 
P-N junco rectifier. 


Oiode Forward Voltage (Note 2) 
VSO 
TJ - +2S0C,IS 
- 9.0A, VGS = OV 
- 
- 
2.0 
V 
Reverse Recovery Time 
trr 
TJ - +1S00C,IF 
- 9.0A, dlF/dt -100A/~s 
- 
4S0 
- 
ns 
Reverse Recovered Charge 
°RR 
TJ - +1S00C.IF 
- 9.0A, dlF/dt = 100N~s 
- 
3.0 
- 
~C 
Forward Turn-on 
Time 
tON 
Intrinsic turn-on 
time is negligible. Turn-on 
- 
- 
speed is substantially 
controlled 
by LS + LO' 


NOTES: 
1. TJ = +25oC 
to +1 500C 
2. Pulse Test: 
Pulse width < 300~s. 
Duty Cycle ~ 2% 


3. Repetitive Rating: 
Pulse width limited by max. 
junction 
temperature. 
See Transient 
Thermal 
Impedance 
Curve (Figure 5) 
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Fig. 10 - Typical Capacitance Vs. Drain-to-Source Voltage 
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Fig. 11 - Typical Gate Charge Vs. Gate-to-Source Voltage 
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Features 


• 8.1A and 6.5A, 250V - 275V 


• rDS(onj = 0.450 
and 0.680 


• Single Pulse Avalanche Energy Rated 


• SOA is Power-Dissipation 
Limited 


• Nanosecond Switching 
Speeds 


• Linear Transfer Characteristics 


TO-220AB 
TOP VIEW 


• High Input Impedance 


• 275/250V 
DC Rating - 120V AC Line System Operation 


Terminal Diagram 


N-CHANNEL 
ENHANCEMENT MODE 


Description 


The IRF634, IRF635, IRF636, and IRF637 are advanced power 
MOSFETs designed, tested and guaranteed to withstand a 
specified level of energy in the breakdown avalanche mode of 
operation. These are n-channel enhancement mode silicon- 
gate power field-effect transistors designed for applications 
such as switching regulators, switching converters, motor driv- 
ers, relay drivers, and drivers for high-power bipolar switching 
transistors requiring high speed and low gate-drive power. 
These types can be operated directly from integrated circuits. 


The IRF-types are supplied in the JEDEC TO-220AB plastic 
package. 


Drain-Source Voltage (1) ..............••............ 
VOS 
Drain-Gate Voltage (RGS = 20kO) (1) .......•.•...... 
VOGR 
Continuous Drain Current 
TC = +250C 
..................•........•.•......... 
10 
TC = + 100°C.. 
.. . .. . . . .. . . . .. .. . .. . .. .. . .. .. . .. ... 
10 
Pulsed Drain Current(3) ............•................. 
10M 
Gate-Source Voltage 
...........•................... 
VGS 
Maximum Power Dissipation 
TC = +250C 
Po 
Unear Derating Factor ...........•....................... 
Single Pulse Avalanche Energy Rating (4) 
EAS 
Operating and Storage Junction ..........•....... 
TJ, TSTG 
Temperature Range 
Maximum Lead Temperature for Soldering 
TL 
(0.063" (1.6mm) from case for 10s) 


IRF634 
IRF635 
IRF636 
IRF637 


250 
250 
275 
275 
250 
250 
275 
275 


8.1 
6.5 
8.1 
6.5 
5.1 
4.1 
5.1 
4.1 


32 
26 
32 
26 


±20 
±20 
±20 
±20 


75 
75 
75 
75 
0.6 
0.6 
0.6 
0.6 
180 
180 
180 
180 
-55to+150 
-55to+150 
-55 to +150 
-5510 +150 


300 
300 
300 
300 


NOTES: 


1. TJ = +250c to +1500C 
2. Pulse Test: Pulse width < 300~s. Duty Cycle < 2%. 
3. Repetitive rating: Pulse ;/dth 
limited by maximum junction temperature. 


See Transient 
Thermal 
Impedance 
Curve (Figure 
5). 


UNITS 


V 
V 


W 
W/oC 
mJ 
°C 


LIMITS 


CHARACTERISTIC 
SYMBOL 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Drain-Source 
Breakdown Voltage 
BVDSS 
VGS = OV,ID = -250~A 
IRF636,IRF637 
275 
- 
- 
V 


IRF634,IRF635 
250 
- 
- 
V 


Gate Threshold Voltage 
VGSCTH) 
VDS = VGS, ID = -250~A 
2.0 
- 
4.0 
V 


Gate-Source Leakage Forward 
IGSS 
VGS-20V 
- 
500 
nA 


Gate-Source Leakage Reverse 
IGSS 
VGS-20V 
- 
-500 
nA 


Zero Gate Voltage Drain Current 
IDSS 
VDS = Max Rating, VGS = OV 
- 
- 
250 
~A 


VDS = Max Rating x 0.8, VGS = OV, 
- 
- 
1000 
~A 
TJ=+1250C 


On-State Drain Current (Note 2) 
ID(ON) 
VDS> ID(ON) x rDS(ON) Max, VGS - 10V 
IRF634,IRF636 
8.1 
- 
- 
A 


IRF635,IRF637 
6.5 
- 
- 
A 


Static Drain-Source 
On-State 
rDS(ON) 
VGS -10V,ID 
- 4.1A 
Resistance (Note 2) 
IRF634,IRF636 
- 
0.32 
0.45 
0 


IRF635,IRF637 
- 
0.48 
0.68 
0 


Forward Transconductance 
(Note 2) 
9fs 
VDS - 2 xVGSOV,lD 
- 4.1A 
2.9 
4.3 
- 
S(m 


Input Capacitance 
CISS 
VGS = OV,VDS - 25V, f - 1.0MHz 
- 
600 
- 
pF 


Output Capacitance 
COSS 
See Figure 10 
- 
180 
- 
pF 


Reverse Transfer Capacitance 
CRSS 
- 
52 
- 
pF 


Turn-On DelayTime 
tdeONl 
VDD -125V,ID"'8.1A,RG 
-120 
- 
9.1 
14 
ns 


Rise Time 
tr 
See Figure 16. (MOSFET switching times 
- 
23 
35 
ns 


Turn-Off Delay Time 
!deoFFl 
are essentially independent of operating 
- 
31 
47 
ns 
temperature) 
Fall Time 
tf 
- 
19 
29 
ns 


Total Gate Charge 
Qg 
VGS - 1OV,ID = 8.1A, VDS - 0.8 Max 
- 
24 
35 
nC 
(Gate-Source + Gate-Drain) 
Rating. See Figure 17 for test circuit. 


Gate-Source Charge 
Qas 
(Gate charge is essentially independent of 
- 
5.1 
- 
nC 


Gate-Drain ("Miller") Charge 
Qad 
operating temperature.) 
- 
12 
- 
nC 


Internal Drain Inductance 
LD 
Measured between 
Modified MOSFET 
- 
4.5 
- 
nH 
the contact screw on 
symbol showing the 
header that is closer 
internal device 
to source and gate 
inductances. 


pins and center of 


~ 


center of die. 


Internal Source Inductance 
LS 
Measured from the 
- 
7.5 
- 
nH 
source lead, 6mm 
G 
I 


(0.25") from header 
LS 
and source bonding 
pad. 
S 


Junction-ta-Case 
ROJC 
- 
- 
1.67 
°C/W 
Case-to-Sink 
ROCS 
Mounting surface flat, smooth and greased 
- 
0.5 
- 
°C/W 
Junction-ta-Ambient 
ROJA 
Free air operation 
- 
- 
80 
oC/W 


Continuous Source Current 
IS 
Modified MOSFET 


~ 


- 
- 
8.1 
A 
(Body Diode) 
symbol showing the 
Pulse Source Current 
ISM 
integral reverse 
- 
32 
A 
(Body Diode) (Note 3) 
P-N junco rectifier. 


Diode Forward Voltage (Note 2) 
VSD 
TJ = +250C,IS 
= 8.1A, VGS = OV 
- 
- 
2.0 
V 
Reverse Recovery Time 
trr 
TJ - +250C,IF 
- 8.1A, dlF/dt = 100N~s 
92 
180 
390 
ns 
Reverse Recovered Charge 
QRR 
TJ - +250C,IF 
- 8.1A, dlF/dt -100N~s 
0.63 
1.3 
2.7 
~C 
Forward Turn-on Time 
tON 
Intrinsic turn-on time is negligible. Turn-on 
- 
- 
- 
- 
speed is substantially controlled by LS + LD· 


NOTES: ,. TJ = +2SoC to +IS00C 
2. Pulse Test: 
Pulse width '$ 300~s, 
Duty Cycle ~ 2% 


3. Repetitive Rating: 
Pulse width limited by max. 


junction 
temperature. 
See Transient 
Thermal 
Impedance 
Curve (Figure 5) 


4. VDD = SOY,Start TJ = +2SoC. L = 4.SmH, 


RGS = 2S0. 
IpEAK = 8.1 A 
(See Figures 14 & IS) 
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NOTES: 
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DUTY FACTOR. 
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PEAK 
TJ=POM x 
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Gate Charge Test Circuit 


(II HARRIS 
'RF640/641/642/643 


'RF640R/641R/642R/643R 


Features 


• 16A 
and 
18A, 
150V 
- 200V 


• rDslon) 
= 0.180 
and 
0.220 


• Single 
Pulse 
Avalanche 
Energy 
Rated· 


• SOA 
is Power-Dissipation 
Limited 


• Nanosecond 
Switching 
Speeds 


• Linear 
Transfer 
Characteristics 


Description 


The 
IRF640, 
IRF641, 
IRF642, 
and 
IRF643 
are 
n-channel 


enhancement-mode 
silicon-gate 
power 
field-effect 
transis- 
tors. 
IRF640R, 
IRF641 R, IRF642R 
and 
IRF643R 
types 
are 
advanced 
power 
MOSFETs 
designed, 
tested, 
and guaranteed 
to 
withstand 
a specified 
level 
of 
energy 
in the 
breakdown 
avalanche 
mode of operation. 
All of these 
power 
MOSFETs 
are 
designed 
for 
applications 
such 
as 
switching 
regulators, 


switching 
converters, 
motor 
drivers, 
relay drivers, 
and drivers 
for 
high-power 
bipolar 
switching 
transistors 
requiring 
high 
speed 
and low gate-drive 
power. 
These types 
can be operated 
directly 
from 
integrated 
circuits. 


The 
IRF types 
are supplied 
in the JEDEC 
TO-220AB 
plastic 
package. 


N-Channel Power MOSFETs 


Avalanche Energy Rated* 


TO-220AB 
TOP VIEW 


Terminal Diagram 


N-CHANNEL 
ENHANCEMENT 
MODE 


Drain-Source Voltage (1) ..................•......... 
VOS 
Drain-Gate Voltage (RGS = 20kO) (1) 
VOGR 
Continuous Drain Current 
TC = +250C 
10 
TC = +1000C 
10 
Pulsed Drain Current (3) 
IOM 
Gate-Source Voltage 
VGS 
Maximum Power Dissipation 


TC = +250C 
Po 
Unear Derating Factor 
. 
Inductive Current, Clamped 
ILM 
(See Figure 14, L = 1OO~H) 
Single Pulse Avalanche Energy Rating (4) 
EAS' 
Operating and Storage Junction 
TJ, TSTG 
Temperature Range 
Maximum Lead Temperature for Soldering 
TL 


(0.063" (1.6mm) from case for 10s) 


NOTES: 


1. TJ = +250C 
to +1500C. 


2. Pulse Test: 
Pulse width 
~ 300j.1S. Duty Cycle S 2%. 


3. Repetitive 
rating: 
Pulse 
width 
limited 
by maximum 
junction 
temperature. 


See Transient 
Thermal 
Impedance 
Curve (Figure 
5). 


·R Suffix Types Only 


IRF640 
IRF641 
IRF642 
IRF643 
IRF640R 
IRF641R 
IRF642R 
IRF643R 


200 
150 
200 
150 


200 
150 
200 
150 


18 
18 
16 
16 


11 
11 
10 
10 


72 
72 
64 
64 


±20 
±20 
±20 
±20 


125 
125 
125 
125 


1.0 
1.0 
1.0 
1.0 
72 
72 
64 
64 


580 
580 
580 
580 


-55to+150 
-55to 
+150 
-55 to +150 
-55to 
+150 


300 
300 
300 
300 


4. Vee = 50V. starting 
TJ = +250C. 
L = 2.7mH. Ras = 250. 


IpEAK • 
18A. See Figure 15. 


UNITS 


V 


V 


W 


W/oC 


A 


{!!. 
...... 
....... 
ZU> 
zO 
c:IE 
:Ca: 
•••••• 
I~Zo 
Go 


LIMITS 


CHARACTERISTIC 
SYMBOL 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Drain-Source 
Breakdown 
Voltage 
BVDSS 
VGS = OV, ID = 250fJA 
IRF640/642,IRF640R/642R 
200 
- 
- 
V 


IRF641 /643, IRF641 R/643R 
150 
- 
- 
V 


Gate Threshold Voltage 
VGSffHl 
VDS - VGS, ID - 250fJA 
2.0 
- 
4.0 
V 


Gate-Source 
Leakage Forward 
IGSS 
VGS- 
20V 
- 
- 
500 
nA 


Gate-Source 
Leakage Reverse 
IGSS 
VGS--20V 
- 
- 
-500 
nA 


Zero Gate Voltage Drain Current 
IDSS 
VDS - Max Rating, VGS - OV 
- 
- 
250 
IIA 


VDS - Max Rating x 0.8, VGS - OV, 
- 
- 
1000 
fJA 
TJ=+1250C 


On-State 
Drain Current (Note 2) 
ID(ON) 
VDS> 
ID(ON) x rDS(ON) Max, VGS - 10V 
IRF640/641, 
IRF640R/641 
R 
18 
- 
- 
A 


IRF642/643,IRF642R/643R 
16 
- 
- 
A 


Static Drain-Source 
On-State 
rDS(ON) 
VGS -10V, 
ID -10A 
Resistance (Note 2) 
IRF640/641, 
IRF640R/641 
R 
- 
0.14 
0.18 
0 


IRF642/643,IRF642R/643R 
- 
0.20 
0.22 
0 


Forward Transconductance 
(Note 2) 
9fs 
VDS> 
50V, ID -10A 
6.7 
10 
- 
S(m 


Input Capacitance 
CISS 
VGS - OV,VDS - 25V, f - 1.0MHz 
- 
1275 
- 
pF 


Output Capacitance 
COSS 
See Figure 10 
- 
400 
- 
pF 


Reverse Transfer Capacitance 
CRSS 
- 
100 
- 
pF 


Turn-On 
DelayTime 
td(ON) 
VDD -100V,ID 
-18A,RG 
-9.10 
- 
13 
21 
ns 


Rise Time 
tr 
See Figure 16. (MOSFET sWitching times 
- 
50 
77 
ns 


Turn-Off 
Delay Time 
!d(OFFI 
are essentially independent 
of operating 
- 
46 
68 
temperature) 
ns 


Fall Time 
tf 
35 
54 
ns 


Total Gate Charge 
Og 
VGS -10V, 
ID -18A, 
VDS -0.8V 
Max 
- 
43 
64 
nC 
(Gate-Source 
+ Gate-Drain) 
Rating. See Figure 17 for test circuil 


Gate-Source 
Charge 
Oos 
(Gate charge is essentially independent 
of 
- 
8 
- 
nC 


Gate-Drain 
("Miller") 
Charge 
Oad 
operating temperature.) 
- 
22 
- 
nC 


Internal Drain Inductance 
LD 
Measured from the 
Modified MOSFET 
- 
3.5 
- 
nH 
contact screw on 
symbol showing the 
tab to center of die 
internal device 
inductances. 


Measured from the 


~ 


- 
4.5 
- 
nH 
drain lead, 6mm 
(0.25in.) from pack- 
age to center of die 


Internal Source Inductance 
LS 
Measured from the 
- 
7.5 
- 
nH 
source lead, 6mm 
LS 
(0.25") from header 
S 
and source bonding 
pad. 


Junction-to-Case 
RElJC 
- 
- 
1.0 
oC/W 
Case-to-Sink 
Racs 
Mounting surface flat, smooth and greased 
- 
0.5 
- 
°C/W 
Junction-to-Ambient 
RaJA 
Free air operation 
- 
- 
80 
°C/W 


Continuous 
Sour('~ Current 
IS 
Modified MOSFET 


~ 


- 
- 
18 
A 
(Body Diode) 
symbol showing the 


Pulse Source Current 
ISM 
Integral reverse 
- 
- 
72 
A 
(Body Diode) (Note 3) 
P-N junco rectifier. 


Diode Forward Voltage (Note 2) 
VSD 
TJ = +250C, IS = 18A, VGS = OV 
- 
- 
2.0 
V 
Reverse Recovery Time 
trr 
TJ - +250C, IF - 18A, dlF/dt - 100A/lls 
120 
240 
530 
ns 
Reverse Recovered Charge 
°RR 
TJ - +1500C, IF -18A,dIF/dt 
-100A/lls 
1.3 
2.8 
5.6 
IIC 
Forward Turn-on 
Time 
tON 
Intrinsic turn-on 
time is negligible. Turn-on 
- 
- 
- 
- 
speed is substantially 
controlled 
by LS + LD. 


NOTES: 
1. TJ = +2SoC 
to +1S00C 
2. Pulse Test: Pulse width .$ 300~s. 


Duty Cycle .$ 2% 


3. Repetitive Rating: 
Pulse width limited by max. 


junction 
temperature. 
See Transient 
Thermal 
Impedance 
Curve (Figure 5) 
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Features 


• 13A 
and 
14A, 
250V 
- 275V 


• rDs(on) 
= 0.280 
and 
0.340 


• Single 
Pulse 
Avalanche 
Energy 
Rated 


• SOA 
is Power-Dissipation 
Limited 


• Nanosecond 
Switching 
Speeds 


• Linear 
Transfer 
Characteristics 


TO-220AB 


TOP VIEW 


• High 
Input 
Impedance 


• 275/250V 
DC 
Rating 
- 120V 
AC 
Line 
System 
Operation 


Description 


The IRF644, 
IRF645, 
IRF646, 
and IRF647 
are advanced 
power 
MOSFETs 
designed, 
tested 
and 
guaranteed 
to 
withstand 
a 
specified 
level 
of energy 
in the 
breakdown 
avalanche 
mode 
of 
operation. 
These 
are 
n-channel 
enhancement 
mode 
silicon- 
gate 
power 
field-effect 
transistors 
designed 
for 
applications 
such 
as switching 
regulators, 
switching 
converters, 
motor 
driv- 
ers, relay 
drivers, 
and 
drivers 
for high-power 
bipolar 
switching 
transistors 
requiring 
high 
speed 
and 
low 
gate-drive 
power. 
These 
types 
can 
be operated 
directly 
from 
integrated 
circuits. 


The 
IRF-types 
are supplied 
in the 
JEDEC 
TO-220AB 
plastic 
package. 


Terminal Diagram 


N-CHANNEL 
ENHANCEMENT 
MODE 


Drain-Source 
Voltage (1) . . . . . . . . . . . . . . . . • .. . . . . . . . .. 
VoS 
Drain-Gate 
Voltage (RGS = 20kOj (1) 
VoGR 
Continuous 
Drain Current 
TC = +250C 
10 
TC = +1000C 
10 
Pulsed Drain Current (3) ........................•..... 
10M 
Gate-Source 
Voltage 
VGS 
Maximum Power Dissipation 
TC = +250C 
Po 
Un ear Derating Factor 
. 


Single Pulse Avalanche 
Energy Rating (4) 
EAS 
Operating 
and Storage Junction 
TJ' TSTG 
Temperature 
Range 
Maximum Lead Temperature 
for Soldering 
TL 
(0.063" 
(1.6mm) from case for 10s) 


IRF644 
IRF645 
IRF646 
IRF647 


250 
250 
275 
275 
250 
250 
275 
275 


14 
13 
14 
13 


8.8 
8.0 
8.8 
8.0 


56 
52 
56 
52 


±20 
±20 
±20 
±20 


125 
125 
125 
125 


1.0 
1.0 
1.0 
1.0 
550 
550 
550 
550 
-55to+150 
-55 to +150 
-55 to +150 
-55 to +150 


300 
300 
300 
300 


NOTES: 


1. TJ = +2SoC 
to +1S00C 
2. Pulse Test: 
Pulse width S300us, 
Duty Cycle 5 2%. 
3. Repetitive 
rating: 
Pulse width 
limited 
by maximum 
junction 
temperature. 


See Transient 
Thermal 
Impedance 
Curve (Figure 
5). 


4. VDD = SOV, starling 
TJ = +2SoC, 
L = 4.5mH. Ras = 250, 


IpEAK = 14A. See Figures 
14 & 1S. 


UNITS 


V 
V 


W 
W/oC 
mJ 
°c 


LIMITS 


CHARACTERISTIC 
SYMBOL 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Drain-Source 
Breakdown 
Voltage 
BVOSS 
VGS = OV,lo = 2501JA 
IRF646,IRF647 
275 
- 
- 
V 


IRF644,IRF645 
250 
- 
- 
V 


Gate Threshold Voltage 
VGSfTHl 
VOS - VGS, 10 - -2SOI'A 
2.0 
- 
4.0 
V 


Gate-Source 
Leakage Forward 
IGSS 
VGS-20V 
- 
- 
500 
nA 


Gate-Source 
Leakage Reverse 
IGSS 
VGS-20V 
- 
- 
-SOO 
nA 


Zero Gate Voltage Drain Current 
lOSS 
VOS - Max Rating, VGS - OV 
- 
- 
250 
IJA 


VOS - Max Rating x 0.8, VGS - OV, 
- 
- 
1000 
IJA 
TJ = +1250C 


On-State 
Drain Current (Note 2) 
10(ON) 
VOS> 
10(ON) x rOS(ON) Max, VGS = 10V 
IRF644,IRF646 
14 
- 
- 
A 


IRF645,IRF647 
13 
- 
- 
A 


Static Drain-Source 
On-State 
rOS(ON) 
VGS = 10V,I0 = 8A 
Resistance (Note 2) 
IRF644,IRF646 
- 
0.20 
0.28 
n 


IRF645,IRF647 
- 
0.28 
0.34 
n 


Forward Transconductance 
(Note 2) 
9fs 
VOS> 
50V, 10 = 8A 
6.7 
10 
- 
S( 
) 


Input Capacitance 
CISS 
VGS - OV,VOS - 25V, f - 1.0MHz 
- 
1300 
- 
pF 


Output Capacitance 
COSS 
See Figure 10 
- 
320 
- 
pF 


Reverse Transfer Capacitance 
CRSS 
- 
69 
- 
pF 


Turn-On 
OelayTime 
tdlONl 
VOO - 125V,I0 
- 14A, RG - 9.1 n 
- 
16 
24 
ns 


Rise Time 
tr 
See Figure 16. (MOSFET sWitching times 
- 
67 
100 
ns 


Turn-Off 
Delay Time 
!dIOFF1 
are essenUally independent 
of operating 
- 
53 
80 
temperature) 
ns 


Fall Time 
tf 
- 
49 
74 
ns 


Total Gate Charge 
Qg 
VGS - 1OV,IO - 14A, VOS - 0.8 Max 
- 
39 
59 
nC 
(Gate-Source 
+ Gate-Drain) 
Rating. See Figure 17 for test circuil. 


Gate-Source 
Charge 
Qos 
(Gate charge is essentially independent 
of 
- 
6.6 
- 
nC 
Gate-Drain 
("Miller") 
Charge 
Qod 
operating temperature.) 
- 
20 
- 
nC 


Internal Drain Inductance 
LO 
Measured between 
Modified MOSFET 
- 
4.5 
- 
nH 
the contact screw on 
symbol showing the 
header that is closer 
internal device 
to source and gate 
inductances. 


pins and center of 


~ 


center of die. 


Internal Source Inductance 
LS 
Measured from the 
- 
7.5 
- 
nH 
source lead, 6mm 
(0.25") from header 
LS 
and source bonding 
pad. 
S 


Junction-ta-Case 
RaJC 
- 
- 
1.0 
°C/W 
Case-to-Sink 
Racs 
Mounting surface flat, smooth and greased 
- 
0.5 
- 
°C/W 
Junction-ta-Ambient 
RaJA 
Free air operation 
- 
- 
80 
°C/W 


Continuous 
Source Current 
IS 
Modified MOSFET 


~ 


- 
- 
14 
A 
(Body Diode) 
symbol showing the 


Pulse Source Current 
ISM 
integrai reverse 
- 
- 
56 
A 
(Body Diode) (Note 3) 
P-N junco rectifier. 


Diode Forward Voltage (Note 2) 
VSO 
TJ - +250C,IS = 14A, VGS - OV 
- 
- 
1.8 
V 
Reverse Recovery Time 
trr 
TJ 
+250C,IF 
14A,dIF/dt-100A/l's 
150 
300 
640 
ns 
Reverse Recovered 
Charge 
QRR 
TJ = +250C, IF - 14A, dlF/dt- 
100A/I's 
1.6 
3.4 
7.2 
I'C 
Forward Turn-on 
Time 
tON 
Intrinsic turn-on 
time is negligible. Turn-on 
- 
- 
- 
- 
speed is substantially 
controlled 
by LS + LO. 


NOTES: 1. TJ = +2SoC to +IS00C 
2. Pulse Test: 
Pulse width < 300~s, 
Duty Cycle .s2% 


3. Repetitive Rating: 
Pulse width limited by max. 
junction 
temperature. 
See Transient 
Thermal 
Impedance 
Curve (Figure 5) 


4. VDD = SOY, Start TJ = +2SoC. L = 4.SmH, 


RGS = 2S0, 
IpEAK = 14A 
(See Figures 
14 & 
, S) 
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'RF710R/711R/712R/713R 


Features 


• 1.7A and 2.0A, 350V - 400V 


• rDs(on) = 3.60 and 5.00 


• Single Pulse Avalanche 
Energy Rated* 


• SOA is Power-Dissipation 
Limited 


• Nanosecond 
Switching 
Speeds 


• Linear Transfer Characteristics 


• High Input Impedance 


Description 


The IRF710, IRF711, IRF712, and IRF713 are n-channel 
enhancement-mode 
silicon-gate 
power field-effect 
transis· 
tors. IRF710R, IRF711R, IRF712R and IRF713R types are 
advanced power MOSFETs designed, tested, and guaranteed 
to withstand a specified level of energy in the breakdown 
avalanche mode of operation. All of these power MOSFETsare 
designed 
for 
applications 
such 
as sWitching regulators, 


switching converters, motor drivers, relay drivers, and drivers 
for high-power 
bipolar switching transistors requiring high 
speed and low gate-drive power. These types can be operated 
directly from integrated circuits. 


The IRF types are supplied in the JEDEC TO-220AB plastic 
package. 


N-Channel Power MOSFETs 


Avalanche Energy Rated* 


TO-220AB 
TOP VIEW 


DRAIND 
(FLA~GE) 0 
~=~: 
~~~CE 
L-. 
_::::::::.•••••~>. GATE 


Terminal Diagram 


N-CHANNEL 
ENHANCEMENT 
MODE 


Drain-Source Voltage (1) 
VOS 
Drain-Gate Voltage (RGS = 20kO) (1) ••.••........... 
VOGR 
Continuous Drain Current 


TC = +250C .....•....................••.........•. 
10 


TC = +1000C ...••....•............................ 
10 
Pulsed Drain Current (3) ..••........•................. 
10M 
Gate-Source Voltage 
..............•..........••.... 
VGS 
Maximum Power Dissipation 
TC = +250C 
...••....................••.•.......... 
Po 
Unear Derating Factor ............•........••............ 
Inductive Current, Clamped .••........................ 
ILM 
(See Figure 14, L = 1001lH) 
Single Pulse Avalanche Energy Rating (4) ..........•.••. 
EAS* 


Operating and Storage Junction ........•......... 
TJ, TSTG 
Temperature Range 
Maximum Lead Temperature for Soldering 
TL 
(0.063" (1.6mm) from case for 10s) 


NOTES: 


1. TJ = +2SoC to +1S00C. 


2. Pulse Test: 
Pulse width ~ 300~s. Duty Cycle ~ 2%. 


3. Repetitive 
rating: 
Pulse width 
limited 
by maximum 
junction 
temperature. 


see Transient 
Thermal 
Impedance 
Curve (Figure 
5). 


*R Suffix Types Only 


IRF710 
IRF711 
IRF712 
IRF713 


IRF710R 
IRF711R 
IRF712R 
IRF713R 


400 
350 
400 
350 


400 
350 
400 
350 


2 
2 
1.7 
1.7 


1.2 
1.2 
1.1 
1.1 


5 
5 
4.3 
4.3 
±20 
±20 
±20 
±20 


36 
36 
36 
36 
0.29 
0.29 
0.29 
0.29 


6.0 
6.0 
5.0 
5.0 


120 
120 
120 
120 
-55to+150 
-55 to +150 
-55 to +150 
-55to 
+150 


300 
300 
300 
300 
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V 
V 


W 
W/oC 
A 


~ 
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w ••.• 
zU' 
zO 
<::E 
::Ca: 
Uw 
'~ 
zo~ 


LIMITS 


CHARACTERISTIC 
SYMBOL 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Drain-Source 
Breakdown 
Voltage 
BVOSS 
VGS = OV,IO = 250~ 
IRF71 0/712, 
IRF71 OR/712R 
400 
- 
- 
V 


IRF711/713,IRF711 
R/713R 
350 
- 
- 
V 


Gate Threshold 
Voltage 
VGSfTHl 
VOS - VGS. 10 - 250~A 
2.0 
- 
4.0 
V 


Gate-Source 
Leakage Forward 
IGSS 
VGS- 
20V 
- 
- 
500 
nA 


Gate-Source 
Leakage Reverse 
IGSS 
VGS--20V 
- 
- 
-500 
nA 


Zero Gate Voltage Drain Current 
lOSS 
VOS - Max Rating, VGS - OV 
- 
- 
250 
~A 


VOS - Max Rating x 0.8, VGS - OV, 
- 
- 
1000 
~A 


TJ = +1250C 


On-State 
Drain Current (Note 2) 
10(ON) 
VOS> 
10(ON) x ROS(ON) Max, VGS -10V 
IRF71 0/711, IRF71 OR/711 R 
2.0 
- 
- 
A 


IRF712/713,IRF712R/713R 
1.7 
- 
- 
A 


Static Drain-Source 
On-State 
rOS(ON) 
VGS = 10V, 10 - 1.lA 
Resistance (Note 2) 
IRF71 0/711, 
IRF71 OR/711 R 
- 
3.3 
3.6 
0 


IRF712/713,IRF712R/713R 
- 
3.6 
5.0 
0 


Forward Transconductance 
(Note 2) 
9fs 
VOS> 
50V, 10 = 1.lA 
1.0 
1.5 
- 
Sm) 


Input Capacitance 
CISS 
VGS = OV,VOS = 25V, f = 1.0MHz 
- 
135 
- 
pF 


Output Capacitance 
COSS 
See Figure 10 
- 
35 
- 
pF 


Reverse Transfer Capacitance 
CRSS 
- 
8.0 
- 
pF 


Turn-On 
OelayTime 
td(ONl 
VOO = 50V, 10 '" 5.6A, RG = 240 
- 
8.0 
12 
ns 


Rise Time 
tr 
See Figure 16. (MOSFET switching 
times 
- 
10 
15 
ns 


Turn-Off 
Delay Time 
!d(OFFl 
are essentially independent 
of operating 
- 
21 
32 
temperature) 
ns 


Fall Time 


, 
tf 
- 
11 
17 
ns 


Total Gate Charge 
Og 
VGS = 10V, 10 = 2.0A, VOS = 0.8V Max 
- 
7.0 
12 
nC 
(Gate-Source 
+ Gate-Drain) 
Rating. See Figure 17 for test circuit. 


Gate-Source 
Charge 
Oas 
(Gate charge is essentially independent 
of 
- 
1.2 
- 
nC 


Gate-Drain 
("Miller") 
Charge 
Oad 
operating temperature.) 
- 
4.0 
- 
nC 


Internal Drain Inductance 
LO 
Measured from the 
Modified MOSFET 
- 
3.5 
- 
nH 
contact screw on 
symbol showing the 
tab to center of die 
internal 
device 
inductances. 


Measured from the 


~ 


- 
4.5 
- 
nH 
drain lead, 6mm 
(0.25in.) from pack- 
age to center of die 


Internal Source Inductance 
LS 
Measured from the 
- 
7.5 
- 
nH 
source lead, 6mm 
LS 
(0.25") from header 
S 
and source bonding 
pad. 


Junction-ta-Case 
ROJC 
- 
- 
3.5 
°C/W 
Case-to-Sink 
Racs 
Mounting surface flat, smooth and greased 
- 
0.5 
- 
°C/W 
Junction-ta-Ambient 
RaJA 
Free air operation 
- 
- 
80 
°C/W 


Continuous 
Source Current 
IS 
Modified MOSFET 


~ 


- 
- 
2.0 
A 


(Body Diode) 
symbol showing the 


Pulse Source Current 
ISM 
integral reverse 
- 
- 
5.0 
A 


(Body Diode) (Note 3) 
P-N junco rectifier. 


Diode Forward Voltage (Note 2) 
VSO 
TJ - +250C, IS = 2.0A, VGS = OV 
- 
- 
1.6 
V 
Reverse Recovery Time 
trr 
TJ - +250C, IF - 2.0A, dlF/dt - 100N~s 
110 
520 
ns 
Reverse Recovered Charge 
°RR 
TJ - +250C,IF 
- 2.0A,dIF/dt 
-100A/~s 
0.40 
- 
1.4 
~C 
Forward Turn-on 
Time 
tON 
Intrinsic turn-on 
time is negligible. Turn-on 
- 
- 
- 
- 
speed is substantially 
controlled 
by LS + LO. 


NOTES: 
1. TJ = +2Soc 
to +1 SooC 
2. Pulse Test: Pulse width :;; 300~s. 


Duty Cycle:;; 
2% 


3. Repetitive Rating: 
Pulse width limited by max. 
junction 
temperature. 
See Transient 
Thermal 
Impedance 
Curve (Figure 5) 
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m HARRIS 
'RF720/721/722/723 


'RF720R/721R/722R/723R 


Features 


• 2.8A 
and 
3.3A, 
350V 
- 400V 


• roslon} 
= 1.80 
and 
2.50 


• Single 
Pulse 
Avalanche 
Energy 
Rated· 


• SOA 
is Power-Dissipation 
Limited 


• Nanosecond 
Switching 
Speeds 


• Linear 
Transfer 
Characteristics 


• High 
Input 
Impedance 


N-Channel Power MOSFETs 


Avalanche Energy Rated* 


TO-220AB 
TOP VIEW 


DRAIN 
~ 
(FLAL:~= 
__==__==__==_:~;:CE 


Description 


The 
IRF720, 
IRF721, 
IRF722, 
and 
IRF723 
are 
n-channel 
Terminal Diagram 
enhancement-mode 
silicon-gate 
power 
field-effect 
transis' 
tors. 
IRF720R, 
IRF721 R, IRF722R 
and 
IRF723R 
types 
are 
N-CHANNEL 
ENHANCEMENT 
MODE 


advanced 
power 
MOSFETs 
designed, 
tested, 
and guaranteed 
to 
withstand 
a specified 
level 
of 
energy 
in the 
breakdown 
D 


avalanche 
mode of operation. 
All of these power 
MOSFETs 
are 
designed 
for 
applications 
such 
as 
sWitching 
regulators, 


switching 
converters, 
motor 
drivers, 
relay drivers, 
and drivers 
for 
high-p.ower 
bipolar 
switching 
transistors 
requiring 
high 
G 


speed 
and low gate-drive 
power. These types can be operated 
directly 
from 
integrated 
circuits. 


The 
IRF types 
are supplied 
in the JEDEC 
TO-220AB 
plastic 
S 
package. 


Drain-Source Voltage (1) ...............•............ 
VDS 
Drain-Gate Voltage (RGS = 20kO) (1) 
VDGR 
Continuous Drain Current 
TC = +250C 
10 
TC=+1000C 
..........................•........... 
10 
Pulsed Drain Current (3) 
10M 
Gate-Source Voltage 
VGS 
Maximum Power Dissipation 
TC = +250C 
Po 
Linear Derating Factor 
. 


Inductive Current, Clamped 
ILM 
(See Figure 14, L = 1OO~H) 
Single Pulse Avalanche Energy Rating (4) 
EAS' 


Operating and Storage Junction 
TJ, TSTG 


Temperature Range 
Maximum Lead Temperature lor Soldering 
TL 
(0.063" (1.6mm)lrom case lor 10s) 


NOTES: 


1. TJ = +250C 
to +1500C. 


2. Pulse Test: 
Pulse width 5. 300us. Duty Cycle 5. 2%. 


3. Repetitive rating: Pulse width limited by maximum junction temperature. 


see Transient Thermal 
Impedance 
Curve (Figure 5). 


"'R Suffix Types Only 


IRF720 
IRF721 
IRF722 
IRF723 


IRF720R 
IRF721R 
IRF722R 
IRF723R 


400 
350 
400 
350 
400 
350 
400 
350 


3.3 
3.3 
2.8 
2.8 


2.1 
2.1 
1.8 
1.8 


13 
13 
11 
11 


±20 
±20 
±20 
±20 


50 
50 
50 
50 
0.4 
0.4 
0.4 
0.4 
12 
12 
10 
10 


190 
190 
190 
190 
-55to+150 
-55to+150 
-55 to +150 
-55to+150 


300 
300 
300 
300 


UNITS 


V 
V 


W 
W/oC 


A 


LIMITS 


CHARACTERISTIC 
SYMBOL 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Drain-Source 
Breakdown Voltage 
BVOSS 
VGS = OV,IO = 250flA 
IRF7201722,IRF720RI722R 
400 
- 
- 
V 


IRF7211723,IRF721 
R/723R 
350 
- 
- 
V 


Gate Threshold Voltage 
VGSITHl 
VOS - VGS, 10 - 250~A 
2.0 
- 
4.0 
V 


Gate-Source Leakage Forward 
IGSS 
VGS-20V 
- 
- 
500 
nA 


Gate-Source Leakage Reverse 
IGSS 
VGS--20V 
- 
- 
-500 
nA 


Zero Gate Voltage Drain Current 
lOSS 
VOS - Max Rating, VGS = OV 
- 
- 
250 
~A 


VOS - Max Rating x 0.8, VGS - OV, 
- 
- 
1000 
flA 
TJ=+1250C 


On-State Drain Current (Note 2) 
10(ON) 
VOS> 10(ON) x ROS(ON} Max, VGS - 10V 
IRF7201721,IRF720R/721 
R 
3.3 
- 
- 
A 


IRF7221723,IRF722R/723R 
2.8 
- 
- 
A 


Static Drain-Source 
On-State 
rOS(ON) 
VGS -10V,10 
-1.8A 
Resistance (Note 2) 
IRF7201721, IRF720R/721 R 
- 
1.5 
1.8 
0 


IRF7221723,IRF722R/723R 
- 
1.8 
2.5 
0 


Forward Transconductance 
(Note 2) 
9fs 
VOS> 50V, 10- 1.8A 
1.8 
2.7 
- 
Sm} 


Input Capacitance 
CISS 
VGS-- OV,VOS - 25V, f - 1.0MHz 
- 
360 
pF 


Output Capacitance 
COSS 
See Figure 10 
- 
55 
- 
pF 


Reverse Transfer Capacitance 
CRSS 
- 
20 
- 
pF 


Turn-On OelayTime 
td(ONI 
VOO = 200V, 10'" 3.3A, RG = 180 
- 
10 
15 
ns 


RiseTime 
tr 
See Figure 16. (MOSFET switching times 
- 
14 
21 
ns 


Turn-Off Delay Time 
'd(OFFI 
are essentially independent of operating 
- 
30 
45 
temperature) 
ns 


Fall Time 
tf 
- 
13 
20 
ns 


Total Gate Charge 
Qg 
VGS -10V,10 
- 3.3A, VOS - 0.8V Max 
- 
12 
20 
nC 
(Gate-Source + Gate-Drain) 
Rating. See Figure 17 for test circuit. 


Gate-Source Charge 
Qos 
(Gate charge is essentially independent of 
- 
2.0 
- 
nC 


Gate-Drain ("Miller") Charge 
Qod 
operating temperature.) 
- 
6.0 
- 
nC 


Internal Drain Inductance 
LO 
Measured from the 
Modified MOSFET 
- 
3.5 
- 
nH 
contact screw on 
symbol showing the 
tab to center of die 
internal device 
inductances. 


Measured from the 


~ 


- 
4.5 
- 
nH 
drain lead, 6mm 
(0.25in.) from pack- 
age to center of die 


Internal Source Inductance 
LS 
Measured from the 
- 
7.5 
- 
nH 
source 
lead, 6mm 
LS 
(0.25") from header 
S 
and source bonding 
pad. 


Junction-to-Case 
ROJC 
- 
- 
2.5 
°CIW 
Case-to-Sink 
ROCS 
Mounting surface flat, smooth and greased 
- 
0.5 
- 
°CIW 
Junction-to-Ambient 
ROJA 
Free air operation 
- 
- 
80 
°CIW 


Continuous Source Current 
IS 
Modified MOSFET 


~ 


- 
- 
3.3 
A 
(Body Diode) 
symbol showing the 


Pulse Source Current 
ISM 
integral reverse 
- 
- 
13 
A 
(Body Diode) (Note 3) 
P-N juncorectifier. 


Diode Forward Voltage (Note 2) 
VSO 
TJ - +250C,IS 
= 3.3A, VGS = OV 
- 
- 
1.6 
V 
Reverse Recovery Time 
trr 
TJ - +250C,IF 
= 3.3A, dlF/dt -100A/~s 
120 
600 
ns 
Reverse Recovered Charge 
QRR 
TJ - +250C, IF = 3.3A, dlF/dt - 1OOA/~s 
0.64 
- 
3.0 
~C 
Forward Turn-on Time 
tON 
Intrinsic turn-on time is negligible. Turn-on 
- 
- 
- 
- 
speed is substantially controlled by LS + LO. 


NOTES; 
1. TJ = +250C 
to +1 500C 
2. Pulse Test: 
Pulse width :s 300~s, 
Duty Cycle :s 2% 


3. Repetitive Rating: 
Pulse width limited by ma't. 
junction 
temperature. 
See Transient 
Thermal 
Impedance 
Curve (Figure 5) 
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mHARRIS 
IRF730/731/732/733 


IRF730R/731R/732R/733R 


Features 


• 4.5A and 5.5A, 350V - 400V 


• rDS(on) = 1.00 and 1.50 


• Single Pulse Avalanche Energy Rated· 


• SOA is Power-Dissipation 
Limited 


• Nanosecond Switching 
Speeds 


• Linear Transfer Characteristics 


• High Input Impedance 


Description 


The IRF730, IRF731, IRF732, and IRF733 are n-channel 
enhancement-mode silicon-gate power field-effect transis· 
tors. IRF730R, IRF731R, IRF732R and IRF733R types are 
advanced power MOSFETs designed, tested, and guaranteed 
to withstand a specified level of energy in the breakdown 
avalanche mode of operation. All of these power MOSFETsare 
designed 
for 
applications 
such 
as switching 
regulators, 


switching converters, motor drivers, relay drivers, and drivers 
for high-power 
bipolar switching transistors requiring high 
speed and low gate-drive power. Thesetypes can be operated 
directly from integrated circuits. 


The IRF types are supplied in the JEDEC TO-220AB plastic 
package. 


N-Channel Power MOSFETs 
Avalanche Energy Rated* 


TO-220AB 


TOP VIEW 


Terminal Diagram 


N-CHANNEL 
ENHANCEMENT MODE 


Drain-Source Voltage (1) .••.....••.......•.......... 
VDS 
Drain-Gate Voltage (RGS = 20kO) (1) .......••....... 
VDGR 
Continuous Drain Current 
TC = +250C 
.•..................................... 
10 
TC=+1000C 
.....•.............••.....•....•••.... 
10 
Pulsed Drain Current (3) •...•••.....•••.........••••.. 
IDM 
Gate-Source Voltage 
..........••....••••.........•• 
VGS 
Maximum Power Dissipation 
TC = +250C .•....................................• 
Po 
Unear Derating Factor •.................................. 
Inductive Current, Clamped ...••...................... 
ILM 
(See Figure 14, L = 1OO~H) 
Single Pulse Avalanche Energy Rating (4) 
EAS' 
Operating and Storage Junction .............•.... 
TJ, TSTG 


Temperature Range 
Maximum Lead Temperature for Soldering 
TL 


(0.063" (1.6mm) from case for 10s) 


NOTES: 


1. TJ - 
+2SoC 
to +1S00C. 


2. Pulse Test: 
Pulse width $ 300~s, 
Duty Cycle -" 2%. 


3. Repetitive 
rating: 
Pulse width 
limited 
by maximum 
junction 
temperature. 


see Transient 
Thermal 
Impedance 
Curve (Figure 
S). 


iIIR Suffix Types Only 


IRF730 
IRF731 
IRF732 
IRF733 
IRF730R 
IRF731R 
IRF732R 
IRF733R 


400 
350 
400 
350 
400 
350 
400 
350 


5.5 
5.5 
4.5 
4.5 
3.5 
3.5 
3.0 
3.0 
22 
22 
18 
18 
±20 
±20 
±20 
±20 


75 
75 
75 
75 
0.6 
0.6 
0.6 
0.6 
22 
22 
18 
18 


300 
300 
300 
300 
-55to+150 
-55 to +150 
-55 to +150 
-55to+150 


300 
300 
300 
300 


4. VDD - 
SOY, starting 
TJ = +2SoC. 
L = 17mH, 
Ras 
= 2S0, 
IpEAK = S.5A. See Figure 
1S. 


UNITS 


V 
V 


W 
W/oC 
A 


{!!. 
.•••w 
w 
••• 
Zet.l 
zC 
<:IE 
:Ccc 
"'w 
I~Zc 
Q. 


LIMITS 


CHARACTERISTIC 
SYMBOL 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Drain-Source 
Breakdown 
Voltage 
BVOSS 
VGS = OV,lo = 25011A 
IRF7301732,IRF730R/732R 
400 
- 
- 
V 


IRF7311733,IRF731 
R/733R 
350 
- 
- 
V 


Gate Threshold Voltage 
VGSrTHl 
VOS - VGS, 10 - 250IIA 
2.0 
- 
4.0 
V 


Gate-Source 
Leakage Forward 
IGSS 
VGS=20V 
- 
- 
500 
nA 


Gate-Source 
Leakage Reverse 
IGSS 
VGS=-20V 
- 
- 
-500 
nA 


Zero Gate Voltage Drain Current 
lOSS 
VOS = Max Rating, VGS = OV 
- 
- 
250 
1lA 


VOS = Max Rating x 0.8, VGS = OV, 
- 
- 
1000 
1lA 
TJ=+1250C 


On-State 
Drain Current (Note 2) 
10(ON) 
VOS> 
10(ON) x ROS(ON) Max, VGS = 10V 
IRF7301731,IRF730R1731 
R 
5.5 
- 
- 
A 


IRF7321733,IRF732R1733R 
4.5 
- 
- 
A 


Static Drain-Source 
On-State 
rOS(ON) 
VGS -10V,10 
- 3.0A 
Resistance (Note 2) 
IRF7301731,IRF730RI731 
R 
- 
0.8 
1.0 
0 


IRF7321733,IRF732R/733R 
- 
1.0 
1.5 
0 


Forward Transconductance 
(Note 2) 
9fs 
VOS> 
50V, 10 - 3.0A 
2.9 
4.4 
- 
S(U) 


Input Capacitance 
CISS 
VGS - OV,VOS - 25V, f - 1.0MHz 
- 
600 
- 
pF 


Output Capacitance 
COSS 
See Figure 10 
- 
150 
- 
pF 


Reverse Transfer Capacitance 
CRSS 
- 
40 
- 
pF 


Turn-On 
OelayTime 
tdlONl 
VOO - 200V, 10 '" 5.5A, RG = 120 
- 
10 
17 
ns 


Rise Time 
tr 
See Figure 16. (MOSFET switching 
times 
- 
20 
29 
ns 


Turn-Off 
Oelay Time 
!dIOFFl 
are essentially independent 
of operating 
- 
35 
56 
ns 
temperature) 
Fall Time 
tf 
- 
15 
24 
ns 


Total Gate Charge 
Og 
VGS -10V,IO 
- 5.5A, VOS - 0.8V Max 
- 
20 
35 
nC 
(Gate-Source 
+ Gate-Drain) 
Rating. See Figure 17 for test circuit 


Gate-Source 
Charge 
OgS 
(Gate charge is essentially independent 
of 
- 
3.0 
- 
nC 


Gate-Drain 
("Miller") 
Charge 
Ogd 
operating temperature.) 
- 
10 
- 
nC 


Internal Orain Inductance 
LO 
Measured from the 
Modified MOSFET 
- 
3.5 
- 
nH 
contact screw on 
symbol showing the 
tab to center of die 
internal device 
inductances. 


Measured from the 


~ 


- 
4.5 
- 
nH 
drain lead, 6mm 
(0.25in.) from pack- 
age to center of die 


Internal Source Inductance 
LS 
Measured from the 
- 
7.5 
- 
nH 
source lead, 6mm 
LS 
(0.25") from header 
S 
and source bonding 
pad. 


Junction-ta-Case 
R6JC 
- 
- 
1.67 
oC/W 


Case-to-Sink 
Racs 
Mounting surface flat, smooth and greased 
- 
0.5 
- 
oC/W 


Junction-ta-Ambient 
RaJA 
Free air operation 
- 
- 
80 
°C/W 


Continuous 
Source Current 
IS 
Modified MOSFET 


~ 


- 
- 
5.5 
A 
(Body Diode) 
symbol showing the 


Pulse Source Current 
ISM 
integral reverse 
- 
- 
22 
A 
(Body Diode) (Note 3) 
P-N junco rectifier. 


Diode Forward Voltage (Note 2) 
VSO 
TJ = +250C,IS 
= 5.5A, VGS = OV 
- 
- 
1.6 
V 
Reverse Recovery Time 
trr 
TJ - +250C,IF 
- 5.5A, dIF/dt-100NIIS 
140 
300 
660 
ns 
Reverse Recovered 
Charge 
°RR 
TJ - +250C,IF 
- 5.5A, dlF/dt -100NIIS 
0.93 
2.1 
4.3 
IIC 
Forward Turn-on 
Time 
tON 
Intrinsic turn-on time is negligible. Turn-on 
- 
- 
- 
- 
speed is substantially 
controlled 
by LS + LO' 
NOTES: 1. TJ = +250C to +1500C 
2. Pulse Test: 
Pulse width ~ 300~s. 
Duty Cycle.s 
2% 


3. Repetitive Rating: 
Pulse width limited by max. 
junction 
temperature. 
See Transient 
Thermal 
Impedance 
Curve (Figure 5) 
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Performance Curves (Continued) 
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FIGURE 12. TYPICAL ON-RESISTANCE 
VS. DRAIN CURRENT 
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CLAMPED INDUCTIVE WAVEFORMS 
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mHARRIS 
'RF740/741/742/743 


'RF740R/741R/742R/743R 


N-Channel Power MOSFETs 


Avalanche Energy Rated* 


Features 


• SA and 
10A, 
350V 
- 400V 


• rDslon) 
= 0.550 
and 
O.SO 


• Single 
Pulse 
Avalanche 
Energy 
Rated· 


• SOA 
is Power-Dissipation 
Limited 


• Nanosecond 
Switching 
Speeds 


• Linear 
Transfer 
Characteristics 


• High 
Input 
Impedance 


TO-220AB 


TOP VIEW 


Description 


The 
IRF740, 
IRF741, 
IRF742, 
and 
IRF743 
are 
n-channel 
enhancement-mode 
silicon-gate 
power 
field-effect 
transis- 
tors. 
IRF740R, 
IRF741 
R, 
IRF742R 
and 
IRF743R 
types 
are 
advanced 
power 
MOSFETs 
designed, 
tested, 
and 
guaranteed 


to 
withstand 
a 
specified 
level 
of 
energy 
in 
the 
breakdown 
avalanche 
mode 
of operation. 
All of these 
power 
MOSFETs 
are 
designed 
for 
applications 
such 
as 
switching 
regulators, 


switching 
converters, 
motor 
drivers, 
relay 
drivers, 
and 
drivers 
for 
high-power 
bipolar 
switching 
transistors 
requiring 
high 


speed 
and low gate-drive 
power. 
These 
types 
can be operated 
directly 
from 
integrated 
circuits. 


The 
IRF types 
are 
supplied 
in the 
JEDEC 
TO-220AB 
plastic 
package. 


Terminal Diagram 


N-CHANNEL 
ENHANCEMENT MODE 


Drain-Source 
Voltage (1) 
VDS 
Drain-Gate 
Voltage (RGS = 20kO) (1) 
VDGR 
Continuous 
Drain Current 
TC = +250C 
10 
TC = +1000C 
10 
Pulsed Drain Current (3) 
10M 
Gate-Source 
Voltage 
VGS 
Maximum Power Dissipation 
TC = +250C 
Po 
Linear Derating Factor 
. 


Inductive Current, Clamped 
ILM 
(See Figure 14, L = 100"H) 
Single Pulse Avalanche Energy Rating (4) 
EAS· 
Operating 
and Storage Junction 
TJ, TSTG 
Temperature 
Range 
Maximum Lead Temperature 
for Soldering 
TL 
(0.063"(1.6mm) from case for 1Os) 


IRF740 
IRF741 
IRF742 
IRF743 


IRF740R 
IRF741R 
IRF742R 
IRF743R 


400 
350 
400 
350 


400 
350 
400 
350 


10 
10 
8.0 
8.0 


6.3 
6.3 
5.2 
5.2 


40 
40 
33 
33 


±20 
±20 
±20 
±20 


125 
125 
125 
125 


1.0 
1.0 
1.0 
1.0 


40 
40 
32 
32 


520 
520 
520 
520 


-55to+150 
-55 to +150 
-55 to +150 
-55to 
+150 


300 
300 
300 
300 


NOTES: 


1. TJ = +2SoC to + 1500C. 


2. Pulse Test: 
Pulse width :5. 300~s. Duty Cycle :5. 2%. 


3. Repetitive rating: Pulse width limited by maximum junction temperature. 


See Transient Thermal 
Impedance 
Curve (Figure 5). 


-R Suffix Types Only 


4. VDD = SaV. starting TJ = +2SoC. L = 9.1 mHo RGS = 250. 
IpEAK 
- 
lOA. 
Se. Figure 15. 


UNITS 


V 
V 


W 
W/oC 


A 


LIMITS 


CHARACTERISTIC 
SYMBOL 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Drain-Source 
Breakdown Voltage 
BVOSS 
VGS = OV,IO = 250~ 
IRF7401742,IRF740R/742R 
400 
- 
- 
V 


IRF7411743,IRF741 
R/743R 
350 
- 
- 
V 


Gate Threshold Voltage 
VGSITHl 
VOS - VGS, 10 - 250~A 
2.0 
- 
4.0 
V 


Gate-Source Leakage Forward 
IGSS 
VGS- 
20V 
- 
- 
500 
nA 


Gate-Source Leakage Reverse 
IGSS 
VGS--20V 
- 
- 
-500 
nA 


Zero Gate Voltage Orain Current 
lOSS 
VOS - Max Rating, VGS - OV 
- 
- 
250 
~A 


VOS = Max Rating x 0.8, VGS = OV, 
- 
- 
1000 
~A 
TJ=+1250C 


On-State Orain Current (Note 2) 
10(ON) 
VOS> 10(ON) x ROS(ON) Max, VGS -10V 
IRF7401741,IRF740R/741R 
10 
- 
- 
A 


IRF7421743,IRF742R1743R 
8.3 
- 
- 
A 


Static Orain-Source On-State 
rOS(ON) 
VGS - 10V,I0 - 5.2A 
Resistance (Note 2) 
IRF7401741,IRF740R1741 
R 
- 
0.47 
0.55 
0 


IRF7421743,IRF742R/743R 
- 
0.68 
0.80 
0 


Forward Transconductance 
(Note 2) 
9fs 
VOS > 50V, 10- 5.2A 
5.8 
8.9 
- 
Sm) 
Input Capacitance 
CISS 
VGS - OV,VOS - 25V, f - 1.0MHz 
- 
1250 
- 
pF 


Output Capacitance 
COSS 
See Figure 10 
- 
300 
- 
pF 


Reverse Transfer Capacitance 
CRSS 
- 
80 
- 
pF 


Turn-On Oelay Time 
tdCONl 
VOO - 200V,10 -10A,RG 
- 9.10 
- 
15 
21 
ns 


Rise Time 
tr 
See Figure 16. (MOSFET switching times 
- 
25 
41 
ns 
Turn-Off Oelay Time 
!dlOFFl 
are essentially independent of operating 
- 
52 
75 
temperature) 
ns 
Fall Time 
tf 
- 
25 
36 
ns 
Total Gate Charge 
Og 
VGS - 1OV,IO - 1OA,VOS - 0.8V Max 
- 
41 
63 
nC 
(Gate-Source + Gate-Orain) 
Rating. See Figure 17 for test circuit. 


Gate-Source Charge 
°!'ls 
(Gate charge is essentially independent of 
- 
6.5 
- 
nC 


Gate-Orain ("Miller") Charge 
Ood 
operating temperature.) 
- 
23 
- 
nC 
Internal Orain Inductance 
LD 
Measured from the 
Modified MOSFET 
- 
3.5 
- 
nH 
contact screw on 
symbol showing the 
tab to center of die 
internal device 
inductances. 
Measured from the 


~ 


- 
4.5 
- 
nH 
drain lead, 6mm 
(0.25in.) from pack- 
age to center of die 


Internal Source Inductance 
LS 
Measured from the 
- 
7.5 
- 
nH 
source lead, 6mm 
LS 
(0.25") from header 
S 
and source bonding 
pad. 


Junction-ta-Case 
RaJC 
- 
- 
1.0 
oC/W 
Case-to-Sink 
Racs 
Mounting surface flat, smooth and greased 
- 
0.5 
- 
°C/W 
Junction-ta-Ambient 
RaJA 
Free air operation 
- 
- 
80 
oC/W 


Continuous Source Current 
IS 
Modified MOSFET 


~ 


- 
- 
10 
A 
(Body Oiode) 
symbol showing the 
Pulse Source Current 
ISM 
integral reverse 
- 
- 
40 
A 
(Body Oiode) (Note 3) 
P-N juncorectifier. 


Oiode Forward Voltage (Note 2) 
VSD 
TJ - +250C,IS 
= 10A, VGS = OV 
- 
- 
2.0 
V 
Reverse Recovery Time 
trr 
TJ = +250C, IF - 1OA,dlF/dt - 1OOA/~s 
170 
390 
790 
ns 
Reverse Recovered Charge 
°RR 
TJ - +250C,IF 
-10A, 
dIF/dt-100A/~s 
1.6 
4.5 
8.2 
~C 
Forward Turn on Time 
tON 
Intrinsic turn-on time is negligible. Turn-on 
- 
- 
- 
- 
speed is substantially controlled by LS + LO. 


NOTES: 
1. TJ = +250C 
to +1500C 
2. Pulse Test: Pulse width < 300~s. 


Duty Cycle ~2% 


3. Repetitive Rating: 
Pulse width limited by max. 
junction 
temperature. 
See Transient 
Thermal 
Impedance 
Curve (Figure 5) 


{!!. 
...... 
...... 
zen 
ZO 
c:l: 
:Ca: 
U ••• 
'~ 
Zo 
Q. 


\~'v 
I 


b.OV 
- 


\IDS 
:: 
50V 


5 JlQ.e. 
PU '''' 
Fq 


in 
12 


wa:w 
0- 
X~ 


10 


5 
-- 


-1------------ 


VGS=5.0V 


GI-~-------t 


3 
4,5V= 
-- - 
--l-- 


4.0V- 


00 
40 
80 
120 
160 
200 


VoS' 
oRAIN-TO-SoURCE 
VOLTAGE 
(VOLTS) 


~~~ol~ll: 
:;50C 
- -, 
1= 


-. ri- 


II 
- 


2 
468 


VGS. 
GATE-To-SoURCE 
VOLTAGE 
(VOLTS) 


FIGURE 2. TYPICAL TRANSFER CHARACTERISTICS 


iil 
wa:w 
0- 
~ 
9 
:5- 


!Z 
wa: 
~ 
6 
U 
Z;( 
a:o 
.p 
3 


I 
"" 
I 
I 
' ''\..I 
II 
',I I 
, 
III 


/--- 
/' 


,~/r 
I 


,OV~/1 


6_oV 
- 
f 
: 


5.5V 
- 


I 


v, 


... - 
, 
.••. 
"r+i,. 


51-_ 
~ ---l--._ •..l.l 
'LLl 
- -~8'~J.l;.. 
___ 
~.J l.1J.L.' 
-~ 
IRF740, 
2 I ~fJ"lH' 


, 
TC=250C 
.J.J..JJ IlJJI._ 
Ii:! 


- Tf1500C 
1IIIRF7413-' 
Ii: 


u,l 
SING" 
PULSE 
' I ! III'I' N 
1,:1 


1 
? 
S 
10? 
S 
102 
2 
5 
103 


Vos, 
oRAIN-To-SoURCE 
VOLTAGE 
(VOLTS) 


oo 
2 
4 
6 
8 
10 


VOS. 
ORAIN- 
TO-SOURCE 
VOLT AGE (VOL T5) 


U 
10 
" 
.c 
cl' 
1 


UJ 
-0. 


(f) 
1-0.2 
za 0.1 
1.o.1 


Q. 


(f) 
~.05 
UJa: 
.01 


oJ 10-2 
..: 
::Ea: 
UJ 
10-3 
:I: 
t- 
10-5 
I 
I 
10-4 
10-3 
10-2 
0.1 
1 
t1. 
RECTANGULAR 
PULSE 
DURATION 
(SECONDS) 


FIGURE 5. MAXIMUM EFFECTIVE TRANSIENT THERMAL IMPEDANCE, JUNCTJON-TO-CASE 
vs PULSE DURATION 


NOTES: 
1. DUTY FACTOR. 
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2. PEAK 
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Performance Curves (Continued) 
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FIGURE 11. TYPICAL GATE CHARGE vs 
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mHARRIS 
'RF820/821/822/823 


'RF820R/821R/822R/823R 


Features 


• 2.2 and 2.5A, 450V - 500V 


• rDs(on) = 3.00 and 4.00 


• Single Pulse Avalanche Energy Rated' 


• SOA is Power-Dissipation 
Limited 


• Nanosecond Switching Speeds 


• Linear Transfer Characteristics 


• High Input Impedance 


N-Channel Power MOSFETs 


Avalanche Energy Rated* 


TO-220AB 
TOP VIEW 


Description 


The IRF820, IRF821, IRF822, and IRF823 are n-channel 
Terminal Diagram 
enhancement-mode silicon-gate 
power field-effect transis· 


tors. IRF820R, IRF821R, IRF822R and IRF823R types are 
N-CHANNELENHANCEMENTMODE 
advanced power MOSFETs designed, tested, and guaranteed 
to withstand a specified level of energy in the breakdown 
D 
avalanche mode of operation. All of these power MOSFETsare 
designed 
for 
applications 
such 
as 
switching 
regulators, 


switching converters, motor drivers, relay drivers, and drivers 
for high-power 
bipolar switching transistors requiring high 
G 
speed and low gate-drive power. Thesetypes can be operated 
directly from integrated circuits. 


The IRF types are supplied in the JEDEC TO-220AB plastic 
package. 


Drain-Source 
Voltage (1) 
VDS 
Drain-Gate 
Voltage (RGS = 20kO) (1) .........•...... 
VDGR 


Continuous 
Drain Current 
TC = +250C 
.....••..••......•.......••.••......... 
10 


TC = +1000C 
..........................•..........• 
10 
Pulsed Drain Current (3) .•••......•.........•..•...... 
10M 
Gate-Source 
Voltage 
VGS 


Maximum Power Dissipation 


TC = +250C 
Po 
Unear Derating Factor ......••.......••...........••..... 
Inductive Current, Clamped 
.•.......••••............•. 
ILM 


(See Figure 14, L = 1001JH) 


Single Pulse Avalanche 
Energy Rating (4) 
EAS' 
Operating 
and Storage Junction 
................•. 
TJ, TSTG 


Temperature 
Range 
Maximum Lead Temperature 
for Soldering 
•............•. 
TL 


(0.063" 
(1.6mm) from case for 10s) 


NOTES: 


1. TJ = +2Soc to +1S00C. 


2. Pulse Test: 
Pulse width ~ 300~s. Duty Cycle 5 2%. 


3. Repetitive 
rating: 
Pulse 
width 
limited 
by maxil1l\Jm junction 
temperature. 
See Transient 
Thermal 
Impedance 
Curve (Figure 
5). 


'*R Suffix 
Types 
Only 


IRF820 
IRF821 
IRF822 
IRF823 
IRF820R 
IRF821R 
IRF822R 
IRF823R 


500 
450 
500 
450 
500 
450 
500 
450 


2.5 
2.5 
2.0 
2.0 
1.6 
1.6 
1.4 
1.4 
8.0 
8.0 
7.0 
7.0 
±20 
±20 
±20 
±20 


50 
50 
50 
50 
0.40 
0.40 
0.40 
0.40 
10 
10 
8.0 
8.0 


210 
210 
210 
210 
-55to+150 
-55to+150 
-55 to +150 
-55 to +150 


300 
300 
300 
300 


4. VDD = SOV, starting TJ = +2SoC, L = 60mH, RGS = 2S0, 


IpEAK = 2.SA. See Figure 1S. 


UNITS 


V 
V 


W 
W/oC 
A 


{!! 
•.• w 
w 
"- 
zen 
zQ 
c::E 
::Ca: 
Uw 
'~ 
zQ 
l:I. 


- - 
- - 
- 
...... 
. .. 
.......•..... 
.........•..... 


Orain-Source 
Breakdown 
Voltage 
BVOSS 
VGS = OV, 10 = 2501lA 
IRF820/822,IRF820R/822R 
500 
- 
- 
V 


IRF821/823, 
IRF821 R/823R 
450 
- 
- 
V 


Gate Threshold 
Voltage 
VGSITHl 
VOS - VGS, 10 - 250flA 
2.0 
- 
4.0 
V 


Gate-Source 
Leakage Forward 
IGSS 
VGS - 20V 
- 
- 
500 
nA 


Gate-Source 
Leakage Reverse 
IGSS 
VGS--20V 
- 
- 
SOO 
nA 


Zero Gate Voltage Orain Current 
JOSS 
VOS - Max Rating, VGS - OV 
- 
250 
flA 


VOS - Max Rating x 0.8, VGS - OV, 
- 
- 
1000 
flA 
TJ=+1250C 


On-State 
Orain Current (Note 2) 
10(ON) 
VOS> 
JO(ON) x ROS(ON) Max, VGS - 10V 
IRF820/821, 
JRF820R/821 R 
2.5 
- 
- 
A 


IRF822/823, 
JRF822R/823R 
2.2 
- 
- 
A 


Static Orain-Source 
On-State 
rOS(ON) 
VGS=10V,10=1.4A 
Resistance (Note 2) 
IRF820/821, 
IRF820R/821 
R 
- 
2.5 
3.0 
0 


IRF822/823,IRF822R/823R 
- 
3.0 
4.0 
0 


Forward Transconductance 
(Note 2) 
9fs 
VOS > 50V, 10 - l.4A 
1.5 
2.3 
- 
S(m 


Input Capacitance 
CISS 
VGS - OV,VOS - 25V, f -1.0MHz 
360 
- 
pF 


Output Capacitance 
COSS 
See Figure 10 
- 
60 
- 
pF 


Reverse Transfer Capacitance 
CRSS 
- 
10 
- 
pF 


Turn-On 
OelayTime 
td(ONI 
VOO - 2SOV, 10 - 2.5A, RG - 180 
- 
11 
15 
ns 


Rise Time 
tr 
See Figure 16. (MOSFET switching 
times 
- 
11 
18 
ns 


Turn-Off 
Oelay Time 
!d(OFFl 
are essentially independent 
of operating 
- 
29 
42 
ns 
temperature) 
Fall Time 
tf 
- 
12 
18 
ns 


Total Gate Charge 
Og 
VGS - 1OV,10 - 2.5A, VOS - 0.8V Max 
- 
12 
19 
nC 
(Gate-Source 
+ Gate-Orain) 
Rating. See Figure 17 for test circuit. 


Gate-Source 
Charge 
°as 
(Gate charge is essentially independent 
of 
- 
2.5 
- 
nC 


Gate-Orain 
("Miller") 
Charge 
0Qd 
operating temperature.) 
- 
6.0 
- 
nC 


Internal Orain Inductance 
LO 
Measured from the 
Modified MOSFET 
- 
3.5 
- 
nH 
contact screw on 
symbol showing the 
tab to center of die 
internal device 
inductances. 


Measured from the 


~ 


- 
4.5 
- 
nH 
drain lead, 6mm 
(0.25in.) from pack- 
age to center of die 


Internal Source Inductance 
LS 
Measured from the 
- 
7.5 
- 
nH 
source lead, 6mm 
LS 
(0.25") from header 
S 
and source bonding 
pad. 


Junction-ta-Case 
RaJC 
- 
- 
2.5 
°C/W 
Case-to-Sink 
Racs 
Mounting surface flat, smooth and greased 
- 
0.5 
- 
°C/W 
Junction-ta-Ambient 
RaJA 
Free air operation 
- 
- 
80 
°C/W 


Continuous 
Source Current 
IS 
Modified MOSFET 


~ 


- 
- 
2.5 
A 
(Body Oiode) 
symbol showing the 


Pulse Source Current 
ISM 
integral reverse 
- 
- 
8.0 
A 
(Body Oiode) (Note 3) 
P-N junco rectifier. 


Oiode Forward Voltage (Note 2) 
VSO 
TJ = +250C, IS = 2.5A, VGS = OV 
- 
- 
1.6 
V 


Reverse Recovery Time 
trr 
TJ - +250C, IF - 2.5A, dlF/dt - 100NflS 
130 
300 
540 
ns 


Reverse Recovered Charge 
°RR 
TJ - +250C, IF - 2.5A, dIF/dt-l00NflS 
0.57 
1.4 
2.3 
flC 
Forward Turn-on 
Time 
tON 
Intrinsic turn-on 
time is negligible. Turn-on 
- 
- 
- 
- 
speed is substantially 
controlled 
by LS + LO' 


NOTES: 
1. TJ = +250C 
to +1500C 
2. Pulse Test: 
Pulse width.5- 300~s. 
Duty Cycle~ 
2% 


3. Repetitive Rating: 
Pulse width limited by max. 


junction 
temperature. 
See Transient 
Thermal 
Impedance 
Curve (Figure 5) 
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Ell HARRIS 
'RF830/831/832/833 


'RF830R/831R/832R/833R 


Features 


• 4.0A and 4.5A, 450V - 500V 


• rDs(on) = 1.50 and 2.00 


• Single Pulse Avalanche Energy Rated· 


• SOA is Power-Dissipation 
Limited 


• Nanosecond Switching Speeds 


• Linear Transfer Characteristics 


• High Input Impedance 


Description 


The 
IRF830, 
IRF831, 
IRF832, 
and 
IRF833 
are 
n-channel 
enhancement-mode 
silicon-gate 
power 
field-effect 
transis- 
tors. 
IRF830R, 
IRF831 
R, 
IRF832R 
and 
IRF833R 
types 
are 
advanced 
power 
MOSFETs 
designed, 
tested, 
and 
guaranteed 


to 
withstand 
a 
specified 
level 
of 
energy 
in the 
breakdown 
avalanche 
mode 
of operation. 
All of these 
power 
MOSFETs 
are 
designed 
for 
applications 
such 
as 
switching 
regulators, 
switching 
converters, 
motor 
drivers, 
relay 
drivers, 
and 
drivers 
for 
high-power 
bipolar 
switching 
transistors 
requiring 
high 
speed 
and low gate-drive 
power. 
These 
types 
can be operated 
directly 
from 
integrated 
circuits. 


The 
IRF types 
are 
supplied 
in the 
JEDEC 
TO-220AB 
plastic 
package. 


N-Channel Power MOSFETs 


Avalanche Energy Rated* 


TO-220AB 
TOP VIEW 


Terminal Diagram 


N-CHANNEL 
ENHANCEMENT MODE 


Drain-Source 
Voltage (1) 
VOS 
Drain-Gate 
Voltage (RGS = 20kO) (1) 
VOGR 
Continuous 
Drain Current 
TC = +250C 
10 
TC = +1000C 
10 
Pulsed Drain Current (3) 
10M 
Gate-Source 
Voltage 
VGS 
Maximum Power Dissipation 
TC = +250C 
Po 
Unear Derating Factor 
. 
Inductive Current, Clamped 
ILM 
(See Figure 14, L = 1OO~H) 
Single Pulse Avalanche Energy Rating (4) 
EAS* 


Operating 
and Storage Junction 
TJ, TSTG 
Temperature 
Range 
Maximum Lead Temperature 
for Soldering 
TL 
(0.063" 
(1.6mm) from case for 10s) 


NOTES: 
1. TJ = +2SoC to +1S00C. 


2. Pulse Test: 
Pulse width ~ 300~s, Duty Cycle ~ 2%. 


3. Repetitive rating: Pulse width limited by maximum junction temperature. 


see Transient Thermal 
Impedance 
Curve (Figure 5). 


lOR Suffix Types Only 


IRF830 
IRF831 
IRF832 
IRF833 


IRF830R 
IRF831R 
IRF832R 
IRF833R 


500 
450 
500 
450 
500 
450 
500 
450 


4.5 
4.5 
4.0 
4.0 
3.0 
3.0 
2.5 
2.5 
18 
18 
16 
16 


±20 
±20 
±20 
±20 


75 
75 
75 
75 
0.6 
0.6 
0.6 
0.6 
18 
18 
16 
16 


300 
300 
300 
300 
-55to+150 
-55 to +150 
-55 to +150 
-55 to +150 


300 
300 
300 
300 


4. VDD = SOV,starting TJ = +2SoC, L = 2SmH. RGS = 2S0. 


IpEAK = 4.SA. See Figure 1S. 


UNITS 


V 
V 


W 
W/oC 
A 


LIMITS 


CHARACTERISTIC 
SYMBOL 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Drain-Source 
Breakdown 
Voltage 
BVOSS 
VGS = OV,IO = 2501JA 
IRF830/832,IRF830R/832R 
500 
- 
- 
V 


IRF831 /833,IRF831 
R/833R 
450 
- 
- 
V 


Gate Threshold Voltage 
VGSITHl 
VOS - VGS, 10 - 250~A 
2.0 
- 
4.0 
V 


Gate-Source 
Leakage Forward 
IGSS 
VGS-20V 
- 
- 
500 
nA 


Gate-Source 
Leakage Reverse 
IGSS 
VGS--20V 
- 
- 
-500 
nA 


Zero Gate Voltage Orain Current 
lOSS 
VOS = Max Rating, VGS = OV 
- 
- 
250 
~A 


VOS = Max Rating x 0.8, VGS = OV, 
- 
- 
1000 
~A 
TJ = +1250C 


On-State 
Orain Current (Note 2) 
10(ON) 
VOS> 
10(ON) x ROS(ON) Max, VGS = 10V 
IRF830/831,IRF830R/831 
R 
4.5 
- 
- 
A 


IRF832/833,IRF832R/833R 
4.0 
- 
- 
A 


Static Orain-Source 
On-State 
rOS(ON) 
VGS = 1OV,10 = 2.5A 
Resistance (Note 2) 
IRF830/831,IRF830R/831 
R 
- 
1.3 
1.5 
0 


IRF832/833,IRF832R/833R 
- 
1.5 
2.0 
0 


Forward Transconductance 
(Note 2) 
9fs 
VOS> 
50V, 10 = 2.5A 
2.7 
4.2 
- 
S(m 


Input Capacitance 
CISS 
VGS = OV,VOS = 25V, f = 1.0MHz 
- 
600 
- 
pF 


Output Capacitance 
COSS 
See Figure 10 
- 
100 
- 
pF 


Reverse Transfer Capacitance 
CRSS 
- 
20 
- 
pF 


Turn-On 
OelayTime 
tdlONl 
VOO = 25OV, 10 = 4.5A, RG = 120 
- 
10 
17 
ns 


Rise Time 
tr 
See Figure 16. (MOSFET switching times 
- 
15 
23 
ns 


Turn-Off 
Delay Time 
!dlOFFl 
are essentially independent 
of operating 
- 
33 
53 
temperature) 
ns 


Fall Time 
tf 
- 
16 
23 
ns 


Total Gate Charge 
Og 
VGS - 1OV,IO - 4.5A, VOS - 0.8V Max 
- 
22 
32 
nC 
(Gate-Source 
+ Gate-Drain) 
Rating. See Figure 17 for test circuit. 


Gate-Source 
Charge 
Oas 
(Gate charge is essentially independent 
of 
- 
3.5 
- 
nC 


Gate-Drain 
("Miller") 
Charge 
Oad 
operating temperature.) 
- 
11 
- 
nC 


Internal Drain Inductance 
LD 
Measured from the 
Modified MOSFET 
- 
3.5 
- 
nH 
contact screw on 
symbol showing the 
tab to center of die 
internal device 
inductances. 


Measured from the 


~ 


- 
4.5 
- 
nH 
drain lead, 6mm 
(0.25in.) from pack- 
age to center of die 


Internal Source Inductance 
LS 
Measured from the 
- 
7.5 
- 
nH 
source lead, 6mm 
LS 


(0.25") from header 
S 
and source bonding 
pad. 


Junction-to-Case 
RaJC 
- 
- 
1.67 
°CIW 
Case-to-Sink 
Recs 
Mounting surface flat, smooth and greased 
- 
0.5 
- 
°CIW 
Junction-to-Ambient 
RaJA 
Free air operation 
- 
- 
80 
°CIW 


Continuous 
Source Current 
IS 
Modified MOSFET 


~ 


- 
- 
4.5 
A 
(Body Diode) 
symbol showing the 


Pulse Source Current 
ISM 
integral reverse 
- 
- 
18 
A 
(Body Diode) (Note 3) 
P-N junco rectifier. 


Diode Forward Voltage (Note 2) 
VSD 
TJ = +250C,IS 
=4.5A, 
VGS = OV 
- 
- 
1.6 
V 
Reverse Recovery Time 
trr 
TJ = +250C,IF 
= 4.5A, dlF/dt = 100A/~s 
180 
350 
760 
ns 


Reverse Recovered 
Charge 
°RR 
TJ - +250C,IF 
- 4.5A, dlF/dt -100N~s 
0.96 
2.2 
4.3 
~C 
Forward Turn-on 
Time 
tON 
Intrinsic turn-on time is negligible. Turn-on 
- 
- 
- 
- 


speed is substantially 
controlled 
by LS + LD. 


NOTES: 
1. TJ = +2SoC to +1S00C 
2. Pulse Test: Pulse width 5. 300~s, 


Duty Cycle 5. 2% 


3. Repetitive Rating: 
Pulse width limited by max. 


junction 
temperature. 
See Transient 
Thermal 


Impedance 
Curve (Figure 5) 
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Features 


• 7A and 8A, 4S0V - SOOV 


• rDs(on) = 0.850 
and 1.10 


• Single Pulse Avalanche Energy Rated* 


• SOA is Power-Dissipation 
Limited 


• Nanosecond Switching 
Speeds 


• Linear Transfer Characteristics 


Description 


The IRF840, IRF841, IRF842, and IRF843 are n-channel 
enhancement-mode silicon-gate power field-effect transis· 
tors. IRF840R, IRF841R, IRF842R and IRF843R types are 
advanced power MOSFETs designed, tested, and guaranteed 
to withstand a specified level of energy in the breakdown 
avalanche mode of operation. All of these power MOSFETsare 
designed for 
applications 
such 
as switching 
regulators, 


switching converters, motor drivers, relay drivers, and drivers 
for high-power 
bipolar switching transistors requiring high 
speed and low gate-drive power. Thesetypes can be operated 
directly from integrated circuits. 


The IRF types are supplied in the JEDEC TO-220AB plastic 
package. 


'RF840/841/842/843 
'RF840R/841R/842R/843R 


N-Channel Power MOSFETs 
Avalanche Energy Rated* 


TO-220AB 
TOP VIEW 


Terminal Diagram 


N-CHANNEL ENHANCEMENT MODE 


Drain-Source Voltage (1) .•......•................... 
VOS 
Drain-Gate Voltage (RGS = 20kO) (1) ....•......•.... 
VOGR 
Continuous Drain Current 
TC = +250C ................................•••.... 
10 
TC=+1000C 
•..•......................•........... 
10 
Pulsed Drain Current (3) ...........................••. 
10M 
Gate-Source Voltage 
VGS 
Maximum Power Dissipation 
TC = +250C ....................•.................. 
Po 
Linear Derating Factor 
. 


Inductive Current, Clamped ..........................• 
ILM 
(See Figure 14, L = 1OO~H) 
Single Pulse Avalanche Energy Rating (4) ....•.......... 
EAS* 
Operating and Storage Junction 
, 
TJ, TSTG 
Temperature Range 
Maximum Lead Temperature for Soldering 
TL 
(0.063" (1.6mm) from case for 10s) 


NOTES: 


1. TJ = +250C 
to +1500C. 


2. Pulse Test: Pulse width :5. 300~s, Duty Cycle :5. 2%. 


3. Repetitive 
rating: 
Pulse 
width 
limited 
by maximum 
junction 
temperature. 


see Transient 
Thermal 
Impedance 
Curve (Figure 
5). 


oR Suffix Types Only 


IRF840 
IRF841 
IRF842 
IRF843 
IRF840R 
IRF841R 
IRF842R 
IRF843R 


500 
450 
500 
450 
500 
450 
500 
450 


8.0 
8.0 
7.0 
7.0 
5.1 
5.1 
4.4 
4.4 
32 
32 
28 
28 
±20 
±20 
±20 
±20 


125 
125 
125 
125 
1.0 
1.0 
1.0 
1.0 
32 
32 
28 
28 


510 
510 
510 
510 
-55to+150 
-55to+150 
-55 to +150 
-55to 
+150 


300 
300 
300 
300 


UNITS 


V 


V 


4. vDD = SOV. starting TJ = +250C, L = 14mH. RGS = 250, 
IpEAK = SA. See Figure 15. 
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CHARACTERISTIC 
SYMBOL 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Drain-Source 
Breakdown 
Voltage 
BVOSS 
VGS = OV,IO = 250~ 
IRF840/842,IRF840R/842R 
500 
- 
- 
V 


IRF841/843,IRF841 
R/843R 
450 
- 
- 
V 


Gate Threshold Voltage 
VGSrrHl 
VOS - VGS, 10 - 250~ 
2.0 
- 
4.0 
V 


Gate-Source 
Leakage Forward 
IGSS 
VGS-20V 
- 
- 
500 
nA 


Gate-Source 
Leakage Reverse 
IGSS 
VGS--20V 
- 
- 
-500 
nA 


Zero Gate Voltage Drain Current 
lOSS 
VOS - Max Rating, VGS - OV 
- 
- 
250 
~ 
VOS - Max Rating x 0.8, VGS - OV, 
- 
- 
1000 
~A 
TJ=+1250C 


On-State 
Drain Current (Note 2) 
10(ON) 
VOS> 
10(ON) x ROS(ON) Max, VGS - 10V 
IRF840/841,IRF840R/841 
R 
8.0 
- 
- 
A 


IRF842/843,IRF842R/843R 
7.0 
- 
- 
A 


Static Drain-Source 
On-State 
rOS(ON) 
VGS = 10V, 10 = 4.4A 
Resistance (Note 2) 
IRF840/841, 
IRF840R/841R 
- 
0.8 
0.85 
0 


IRF842/843,IRF842R/843R 
- 
1.0 
1.1 
0 


Forward Transconductance 
(Note 2) 
9fs 
VOS > 50V, 10 - 4.4A 
4.9 
7.4 
- 
Sm) 


Input Capacitance 
CISS 
VGS - OV,VOS - 25V, f - 1.0MHz 
- 
1225 
- 
pF 


Output Capacitance 
COSS 
See Figure 10 
- 
200 
- 
pF 


Reverse Transfer Capacitance 
CRSS 
- 
85 
- 
pF 


Turn-On 
Delay Time 
tdlONl 
VOO - 250V, 10 "'8A,RG 
- 9.10 
- 
15 
21 
ns 


RiseTime 
tr 
See Figure 16. (MOSFET switching 
times 
- 
21 
35 
ns 


Turn-Off 
Delay Time 
!dlOFFl 
are essentially independent 
of operating 
- 
50 
74 
temperature) 
ns 


Fall Time 
tf 
- 
20 
30 
ns 


Total Gate Charge 
Og 
VGS - 10V,I0 
- 8A, VOS - 0.8V Max 
- 
42 
63 
nC 


(Gate-Source 
+ Gate-Drain) 
Rating. See Figure 17 for test circuit 


Gate-Source 
Charge 
°QS 
(Gate charge is essentially independent 
of 
7.0 
nC 


Gate-Drain 
("Miller") 
Charge 
Ood 
operating temperature.) 
- 
22 
nC 


Internal Drain Inductance 
LO 
Measured from the 
Modified MOSFET 
- 
3.5 
- 
nH 
contact screw on 
symbol showing the 
tab to center of die 
internal device 
inductances. 


Measured from the 


~ 


- 
4.5 
- 
nH 
drain lead, 6mm 
(0.25in.) from pack- 
age to center of die 


Internal Source Inductance 
LS 
Measured from the 
- 
7.5 
- 
nH 
source lead, 6mm 
LS 
(0.25") from header 
S 
and source bonding 
pad. 


Junction-ta-Case 
ReJC 
- 
1.0 
°C/W 
Case-to 
Sink 
Racs 
Mounting surface flat, smooth and greased 
- 
0.5 
- 
°C/W 
Junction-ta-Ambient 
RaJA 
Free air operation 
- 
- 
80 
°c/w 


Continuous 
Source Current 
IS 
Modified MOSFET 


~ 


- 
- 
8.0 
A 
(Body Diode) 
symbol showing the 


Pulse Source Current 
ISM 
integral reverse 
- 
- 
32 
A 
(Body Diode) (Note 3) 
P-N junco rectifier. 


Diode Forward Voltage (Note 2) 
VSO 
TJ - +250C, IS - 8.0A, VGS = 1OON~s 
- 
- 
2.0 
V 
Reverse Recovery Time 
trr 
TJ - +250C, IF - 8.0A, dlF/dt - 1OOA/~s 
210 
475 
970 
ns 
Reverse Recovered 
Charge 
°RR 
TJ - +250C, IF - ROA, dlF/dt - 1OOA/~s 
2.0 
4.6 
8.2 
~C 
Forward Turn-on 
Time 
tON 
Intrinsic turn-on 
time is negligible. Turn-on 
- 
- 
- 
- 
speed is substantially 
controlled 
by LS + LO. 


NOTES: 
1. TJ = +2SoC 
to +1S00C 
2. Pulse Test: 
Pulse width < 300J.ls, 
Duly Cycle < 2% 


3. Repetitive Rating: 
Pulse width limited by max. 
junction 
temperature. 
See Transient 
Thermal 
Impedance 
Curve (Figure 5) 
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• 6.2A 
and 
5.4A, 
600V 


• rOS(on) 
= 1.20 
and 
1.60 


• Repetitive 
Avalanche 
Ratings 


• Simple 
Orive 
Requirements 


• Ease 
of 
Paralleling 


Description 


The 
IRFAC40R 
and 
IRFAC42R 
are 
advanced 
power 
MOSFETs 
designed, 
tested, 
and 
guaranteed 
to 
withstand 
a 
specified 
level 
of energy 
in the breakdown 
avalanche 
mode 
of 
operation. 
These 
are 
n-channel 
enhancement-mode 
silicon- 
gate 
power 
field-effect 
transistors 
designed 
for 
applications 
such 
as 
switching 
regulators, 
switching 
converters, 
motor 
drivers, 
relay 
drivers, 
and 
drivers 
for 
high-power 
bipolar 
switching 
transistors 
requiring 
high 
speed 
and 
low 
gate-drive 
power. 
These 
types 
can 
be operated 
directly 
from 
integrated 


circuits. 


The 
IRFAC 
types 
are supplied 
in the JEDEC 
TO-204AA 
steel 
package. 


IRFAC40R 
IRFAC42R 
N-Channel 
Power MOSFETs 


Avalanche 
Energy Rated 


TO-204AA 


BOTTOM VIEW 


DRAIN 
SOU~LANGE)o 
GATE 


Terminal Diagram 


N-CHANNEL 
ENHANCEMENT 
MODE 


Absolute 
Maximum 
Ratings 
(Tc 
'" +250C), 
Unless 
Otherwise 
Specified 


IRFAC40R 


Continuous 
Drain Current 
TC = +250C 
ID 
TC = +1000C 
ID 
Pulsed Drain Current (1) 
IDM 
Gate-Source 
Voltage 
VGS 
Maximum Power Dissipation 
TC = +250C 
PD 
Unear Derating Factor 
. 


Single Pulse Avalanche 
Energy Rating (2)(see Figure 14) 
Eas 
Operating 
and Storage Junction 
TJ' TSTG 
Temperature 
Range 
Maximum Lead Temperature 
for Soldering 
TL 
(0.063" 
(1.6mm) from case for 10s) 


1. Repetitive 
Rating: Pulse width limited by maximum junction temperature 
(see Figure 
5). 


2. VOO = 50V, Starting 
TJ = +250C, 
L = 16mH, Ra = 250, 
Peak IL = 6.SA. 


IRFAC42R 
UNITS 


5.4 
A 
3.4 
A 
22 
A 
±20 
V 


125 
W 
1.0 
W/oC 
570 
mJ 
-55 to +150 
°c 


300 
°c 


125 
1.0 
570 
-55to+150 


Parameter 
Type 
Min. 
Typ. 
Max. 
Units 
Test Conditions 


BVoss 
Drain-to-Source 
Breakdown 
IRFAC40R 
600 
V 
Vas = OV, 10 = 250/lA 
Voltage 
IRFAC42R 
- 
- 


Ros1on) 
Static 
Drain-to-Source 
IRFAC40R 
- 
0.97 
1.2 
0 
Vas = 10V, 10 = 3.4A 
On-State 
Resistance 
Cl> 
IRFAC42R 
- 
1.2 
1.6 


lo(onl 
On-State 
Drain 
Current 
Cl>. 
IRFAC40R 
6.2 
A 
Vas> 
101on) x ROS1on) Max. 
IRFAC42R 
5.4 
- 
- 
Vas = 10V 


VGSfthl 
Gate Threshold 
VoltaQe 
ALL 
2.0 
- 
4.0 
V 
Vos = Vas, 10 = 250/lA 


g •• 
Forward 
Transconductance 
Cl> 
ALL 
4.7 
70 
- 
S(U) 
Vos> 50V, los = 3.4A 


loss 
Zero 
Gate Voltage 
- 
- 
250 
/lA 
Vos = Max. Ratina, Vas - OV 


Drain 
Current 
ALL 
- 
- 
1000 
vos = 0.8 x Max. Rating, Vas = OV, TJ - 125°C 


IGSS 
Gate-to-Source 
Leakage 
Forward 
ALL 
- 
- 
100 
nA 
Vas = 20V 


IGss 
Gate-to-Source 
Leakage 
Reverse 
ALL 
- 
- 
-100 
nA 
Vas = -20V 


Qg 
Total 
Gate 
Charge 
ALL 
- 
40 
60 
nC 
Vas = 10V, 10 = 6.2A 


Qg. 
Gate-to-Source 
Charge 
ALL 
- 
5.5 
- 
nC 
Vos = 0.8 x Max. Rating 
See Fig. 16 
Qgd 
Gate-to-Drain 
{"Miller") 
Charge 
ALL 
- 
20 
- 
nC 
(Independent 
of operating 
temperature) 


tdlon) 
Turn-On 
Delay 
Time 
ALL 
- 
13 
20 
ns 
Voo = 3OOV,10 = 6.2A, Ra = 9.10 


t, 
Rise Time 
ALL 
- 
18 
27 
ns 
Ro = 470 


tdloff' 
Turn-Off 
Delay 
Time 
ALL 
- 
55 
83 
ns 
See Fig. 15 


t, 
Fall Time 
ALL 
- 
20 
30 
ns 
(Independent 
of operating 
temperature) 


Lo 
Internal 
Drain 
Inductance 
ALL 
- 
5.0 
- 
nH 
Measured from the 
Modified 
MOSFET 
drain lead, 6mm (0.25 
symbol showing 
the 


in.) from package to 
internal 
inductances. 


center of die. 


Ls 
Internal 
Source 
Inductance 
ALL 
- 
13 
- 
nH 
Measured from the 


~ 


source lead, 6mm 
(0.25 in.) from 
G 
L 
package to source 
s 
bonding 
pad. 


Ciss 
Input 
Capacitance 
ALL 
- 
1300 
- 
pF 
Vas = OV, Vos = 25V 


COSS 
Output 
Capacitance 
ALL 
- 
160 
- 
pF 
f = 1.0MHz 


C .•• 
Reverse 
Transfer 
Capacitance 
ALL 
- 
30 
- 
pF 
See Fig. 10 


R'hJC 
Junction-to-Case 
ALL 
- 
- 
1.0 
°CIW 


Rthcs 
Case-to-Sink 
ALL 
- 
0.12 
- 
°CIW 
Mounting 
surface flat, smooth, 
and greased 
RthJA 
Junction-to-Ambient 
ALL 
- 
- 
30 
°CIW 
Typical-socket 
mount 


Parameter 
Type 
Min. 
Typ. 
Max. 
Units 
Test Conditions 
Is 
Continuous 
Source Current 
ALL 
- 
- 
6.2 
A 
Modified 
MOSFET symbol showin~ 


(Body Diode) 
the integral Reverse p-n 
' 


ISM 
Pulse 'Source Current 
ALL 
junction 
rectifer. 
, 
(Body Diode) (j) 
- 
- 
25 
A 
, 


Vso 
Diode Forward Voltage 
Cl> 
ALL 
- 
- 
1.5 
V 
TJ = 25° C, Is = 6.2A, Vas = OV 


t" 
Reverse Recovery Time 
ALL 
200 
450 
940 
ns 
TJ = 25° C, IF= 6.2A, di/dt 
= 100A//ls 


ORR 
Reverse Recovery Charge 
ALL 
1.8 
3.8 
7.9 
/lC 


Ion 
Forward Turn-on 
Time 
ALL 
Intrinsic 
turn-on 
time is negligible. 
Turn-on 
speed is substantially 
controlled 
by Ls + La_ 


(j) Repetitive 
Rating: 
Pulse 
width 
limited 
by maximum 
junction 
temperature 
(see 
figure 
5). 


~ @ Voo = 50V, Starting 
TJ = 25°C, 


L = 16mH, 
RG =250, 
Peak 
Il = 6.8A 
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Voltage Vs. Temperature 
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Features 


• 6.2A 
and 
5.4A, 
600V 


• rDS(on) 
= 1.20 
and 
1.60 


• Repetitive 
Avalanche 
Ratings 


• Simple 
Drive 
Requirements 


• Ease 
of Paralleling 


IRFBC40R 
IRFBC42R 
N-Channel Power MOSFETs 
Avalanche Energy Rated 


TO-220AB 
TOP VIEW 


Description 


The 
IRFBC40R 
and 
IRFBC42R 
are 
advanced 
power 
MOSFETs 
designed, 
tested, 
and 
guaranteed 
to withstand 
a 
specified 
level of energy 
in the breakdown 
avalanche 
mode of 


operation. 
These 
are n-channel 
enhancement-mode 
silicon- 
Terminal Diagram 
gate 
power 
field-effect 
transistors 
designed 
for 
applications 
such 
as 
switching 
regulators, 
switching 
converters, 
motor 
N-CHANNEL 
ENHANCEMENT 
MODE 
drivers, 
relay 
drivers, 
and 
drivers 
for 
high-power 
bipolar 


switching 
transistors 
requiring 
high speed 
and low gate-drive 
0 
power. 
These 
types 
can 
be operated 
directly 
from 
integrated 
circuits. 


The IRFAC types 
are supplied 
in the JEDEC 
TO-220AB 
steel 
package. 
G 


Absolute 
Maximum 
Ratings 
(TC = +250C), 
Unless 
Otherwise 
Specified 


IRFBC40R 


Continuous Drain Current 
TC = +250C ......................•...................... 
10 
TC = + 100°C.. 
.. . .. .. .. . .. . .. .. . .. . .. .. . .. .. . .. .. . .. . . .. 
10 
Pulsed Drain Current (1) 
10M 
Gate-Source Voltage 
VGS 
Maximum Power Dissipation 
TC = +250C 
PD 
Unear Derating Factor 
. 


Single Pulse Avalanche Energy Rating (2) (see Figure 14) 
Eas 


Operating and Storage Junction 
TJ' TSTG 
Temperature Range 
Maximum Lead Temperature for Soldering 
TL 
(0.063" (1.6mm) from case for 10s) 


1. Repetitive 
Rating: Pulse width limited by maximum 
junction 
temperature 
(see Figure 
S). 


2. Vaa = SOV. Starting 
TJ = +2SoC. 
L = , 6mH. RG = 2S0. 
Peak IL = 6.8A. 


IRFBC42R 
UNITS 


5.4 
A 
3.4 
A 
22 
A 
±20 
V 


125 
W 
1.0 
W/oC 
570 
mJ 
-55to+150 
°c 


300 
°c 


125 
1.0 
570 
-55to+150 


P_ter 
Type 
Min. 
Typ. 
MD. 
Units 
Test Condnlons 


BVoss 
Drain-to-Source 
Breakdown 
IRFBC40R 
600 
V 
VGS= OV, 10 = 250pA 
Voltage 
- 
- 
IRFBC42R 


Roston) 
Static 
Drain-to-Source 
IRFBC40R 
- 
0.97 
1.2 
0 
VGS= 10V, 10 = 3.4A 
On-State 
Resistance 
<a> 
IRFBC42R 
- 
1.2 
1.6 


10(onl 
On-State 
Drain 
Current 
<a> 
IRFBC40R 
6.2 
A 
Vos> 
IOIOflJ 
X ROS10fl1 
Max. 
- 
- 
VGS= 10V 
IRFBC42R 
5.4 


VGSlthl Gate 
Threshold 
Voltage 
ALL 
2.0 
- 
4.0 
V 
Vos = VGS,10 = 250pA 
a•• 
Forward 
Transconductance 
<a> 
ALL 
4.7 
70 
- 
S(U) 
Vos ~ l00V, los = 3.4A 


loss 
Zero 
Gate 
Voltage 
ALL 
- 
- 
250 
pA 
Vos = Max. RatinQ, VGS= OV 


Drain 
Current 
- 
- 
1000 
Vos = 0.8 x Max. Rating, VGS= OV, TJ - 125·C 


IGSS 
Gate-to-Source 
Leakage 
Forward 
ALL 
- 
- 
500 
nA 
VGS= 20V 


IGSS 
Gate-to-Source 
Leakage 
Reverse 
ALL 
- 
- 
-500 
nA 
VGS= -2OV 
a. 
Total 
Gate 
Charge 
ALL 
- 
40 
60 
nC 
VGS= 10V, 10 = 6.2A 
a•• 
Gate-to-Source 
Charge 
ALL 
- 
5.5 
- 
nC 
Vos = 0.7 x Max. Rating 
See Fig. 16 
aod 
Gate-to-Drain 
("Miller") 
Charge 
ALL 
- 
20 
- 
nC 
(Independent 
of operating 
temperature) 


"'lonl 
Turn-On 
Delay 
Time 
ALL 
- 
13 
20 
ns 
Voo = 3OOV,10 = 6.2A, RG= 9.10 


t, 
Rise Time 
ALL 
- 
18 
27 
ns 
Ro = 470 


"'loffl 
Turn-Off 
Delay 
Time 
ALL 
- 
55 
83 
ns 
See Fig. 15 


t, 
Fall Time 
ALL 
- 
20 
30 
ns 
(Independent 
of operating 
temperature) 


Lo 
Internal 
Drain 
Inductance 
ALL' 
- 
4.5 
- 
nH 
Measured from the 
Modified 
MOSFET 
drain lead, 6mm (0.25 
symbol showing the 


in.) from package to 
internal inductances. 


center of die. 


Ls 
Internal 
Source 
Inductance 
ALL 
- 
7.5 
- 
nH 
Measured from the 


~ 


source lead, 6mm 
(0.25 in.) from 
package to source 
bonding 
pad. 


Ciss 
Input 
Capacitance 
ALL 
- 
1300 
- 
pF 
VGS= OV,Vos = 25V 


COOS 
Output 
Capacitance 
ALL 
- 
160 
- 
pF 
f = 1.0 MHz 


C"'" 
Reverse 
Transfer 
Capacitance 
ALL 
- 
45 
- 
pF 
See Fig. 10 


RthJC 
Junction-to-Case 
ALL 
- 
- 
1.0 
·CIW 


R,hCS 
Case-to-Sink 
ALL 
- 
0.50 
- 
·CIW 
Mounting 
surface flat, smooth, and greased 


RthJA 
Junction-to-Ambient 
ALL 
- 
- 
80 
·CIW 
Typical-socket 
mount 
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Parameter 
Type 
Min. 
Typ. 
Max. 
Units 
Test Condillons 


Is 
Continuous 
Source Current 
ALL 
- 
- 
6.2 
A 
Modified 
MOSFET symbol showin~ 
(Body Diode) 
the integral Reverse p-n 
ISM 
Pulse Source Current 
junction 
rectifier. 
• 


(Body Diode) (j) 
ALL 
- 
- 
25 
A 
. 


Vso 
Diode Forward Voltage 
<a> 
ALL 
- 
- 
1.5 
V 
TJ = 25·C, Is = 6.2A, VGS= OV 
t. 
Reverse Recovery Time 
ALL 
200 
450 
940 
ns 
TJ = 25· C, I, = 6.2A, di/dt - l00Al/lS 
a•• 
Reverse Recovery Charae 
ALL 
1.8 
3.8 
8.0 
pC 


Ion 
Forward Turn-on 
Time 
ALL 
Intrinsic 
turn-on 
time is negligible. 
Turn-on 
speed is SUbstantially 
controlled 
by Ls + Lo. 


(j) Repetitive 
Rating: 
Pulse 
width 
limited 
by maximum 
junction 
temperature 
(see 
figure 
5). 


~ @ Voo = 50V, Starting 
TJ = 25°C, 
L = 16mH, 
RG =250, 


Peak 
IL = 6.8A 
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lI)HARRIS 


• 1A and O.SA, SOV- 100V 


• rDS(on) = 0.60 and O.SO 


• Single Pulse Avalanche Energy Rated· 


• SOA is Power-Dissipation 
Limited 


• Nanosecond Switching Speeds 


• Linear Transfer Characteristics 


• High Input Impedance 


Description 


The 
IRFD110, 
IRFD111, 
IRFD112, 
and 
IRFD113 
are 
n-channel enhancement-mode silicon-gate power field-effect 
transistors. IRFD110R, IRFD111R, IRFD112R,and IRFD113R 
types are advanced power MOSFETs designed, tested, and 
guaranteed to withstand a specified level of energy in the 
breakdown avalanche mode of operation. All of these power 
MOSFETs are designed for applications such as switching 
regulators, switching converters, motor drivers, relay drivers, 
and drivers for 
high-power 
bipolar switching transistors 
requiring high speed and low gate-drive power. These types 
can be operated directly from integrated circuits. 


The IRFD types are supplied in the 4-pin dual-in-line plastic 
package. 


'RFD110/111/112/113 


'RFD110R/111R/112R/113R 


N-Channel 
Power MOSFETs 


Avalanche 
Energy Rated* 


4-PIN DIP 
TOP VIEWO 


SOURCE 


DRAIN 


GATE 


Terminal Diagram 


N-CHANNEL 
ENHANCEMENT 
MODE 


Drain-Source Voltage (1) ...•••.•.................... 
VDS 
Drain-Gate Voltage (RGS = 20kO) (1) 
VDGR 
Continuous Drain Current 
TC = +250C . .. .. .. . .. .. .. . . .. .. • .. . .. .. . .. .. .. . ... 
ID 
Pulsed Drain Current. ...........................••.•. 
IDM 
Gate-Source Vo~age ••••.•.•••••................... 
VGS 
Maximum Power Dissipation 
TC = +250C (See Figure 13) ...........•............. 
PD 
Unear Derating Factor (See Figure 13) .•.................• 
Inductive Current, Clamped ......•••••................ 
'LM 
(See Figure 14, L = 10011H) 
Single Pulse Avalanche Energy Rating (3) ............•• 
Eas' 
Operating and Storage Junction 
TJ, TSTG 
Temperature Range 
Maximum Lead Temperature for Soldering .•.••.......... 
TL 
(0.063" (1.6mm) from case for 10s) 


NOTES: 


1. TJ = +250c 
to +1500C. 


2. Pulse Test: 
Pulse width ~ 300~s. Duty Cycle ~ 2%. 


IRFDll0 
IRFDlll 
IRFDl12 
IRFDl13 
IRFDll0R 
IRFDlllR 
IRFDl12R 
IRFDl13R 
UNITS 


100 
80 
100 
80 
V 


100 
80 
100 
80 
V 


1.0 
1.0 
0.8 
0.8 
A 


8.0 
8.0 
6.4 
6.4 
A 
±20 
±20 
±20 
±20 
V 


1.0 
1.0 
1.0 
1.0 
W 
0.008 
0.008 
0.008 
0.008 
WloC 


8.0 
8.0 
6.4 
6.4 
A 


19 
19 
19 
19 
mJ 
-55to+150 
-55to+16O 
-55 to +150 
-55to 
+150 
°c 


300 
300 
300 
300 
°c 


3. VDD = 25V, starting TJ = +250C, 
L = 28.5mH, RGS = 250. 


IpEAK = 1.0A. See Figure 15. 


UMITS 


CHARACTERISTIC 
SYMBOL 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Drain-Source 
Breakdown 
Voltage 
BVOSS 
VGS = OV, 10 = 250~ 
IRF0110/112,IRF0110R/112R 
100 
- 
- 
V 


IRF0111/113, 
IRF0111 R/113R 
80 
- 
- 
V 


Gate Threshold Voltage 
VGSfTHI 
VOS = VGS, 10 = 25O~A 
2.0 
- 
4.0 
V 


Gate-Source 
Leakage Forward 
IGSS 
VGS=20V 
- 
- 
500 
nA 


Gate-Source 
Leakage Reverse 
IGSS 
VGS=-20V 
- 
- 
-500 
nA 


Zero Gate Voltage Drain Current 
lOSS 
VOS = Max Rating, VGS = OV 
- 
- 
250 
~ 
VOS = Max Rating x 0.8, VGS = OV, 
- 
- 
1000 
~ 
TJ=+1250C 


On-State 
Drain Current (Note 2) 
ID(ON) 
VDS> 
JO(ON) x rOS(ON) Max, VGS = 10V 
IRF0110/111, 
IRF011 OR/111 R 
1.0 
- 
- 
A 


IRF0112/113,IRF0112R/113R 
0.8 
- 
- 
A 


Static Drain-Source 
On-State 
rOS(ON) 
VGS = 10V, 10 = 0.8A 
Resistance (Note 2) 
IRF0110/111,IRF011 
OR/111 R 
- 
0.5 
0.6 
n 


IRF0112/113,IRFD112R/113R 
- 
0.6 
0.8 
n 


Forward Transconductance 
(Note 2) 
9fs 
VOS> 
10lONl x rOSIONI Max' 10 - 0.8A 
0.8 
1.2 
- 
Sm) 


Input Capacitance 
CISS 
VGS - OV,VDS - 25V, f - 1.0MHz 
- 
135 
- 
pF 


Output Capacitance 
COSS 
See Figure 10 
- 
80 
- 
pF 


Reverse Transfer Capacitance 
CRSS 
- 
20 
- 
pF 


Turn-On 
Delay Time 
!dIONI 
VOO '" 0.5BVOSS,10 
- 1.0A, RG - 9.1n 
- 
10 
20 
ns 


Rise Time 
tr 
See Figure 16. (MOSFET switching times 
- 
15 
25 
ns 


Turn-Off 
Delay Time 
!dIOFFI 
are essentially independent 
of operating 
- 
15 
25 
temperature) 
ns 


Fall Time 
tf 
- 
10 
20 
ns 


Total Gate Charge 
Og 
VGS = 1OV,IO = 1.0A, VOS = 0.8 Max 
- 
5.0 
7.0 
nC 
(Gate-Source 
+ Gate-Drain) 
Rating. See Figure 17 for test circuit 


Gate-Source 
Charge 
Oas 
(Gate charge is essentially independent 
of 
- 
2.0 
- 
nC 


Gate-Drain 
("Miller") 
Charge 
Oad 
operating temperature.) 
- 
7.0 
- 
nC 


Internal Drain Inductance 
LO 
Measured from 
Modified MOSFET 
- 
4.0 
- 
nH 
the drain lead, 
symbol showing the 
2.0mm (0.08 in.) 
internal device 
from package 
inductances. 


to center of 


~ 


die. 


Internal Source Inductance 
LS 
Measured from the 
- 
6.0 
- 
nH 
source lead, 2.0mm 
(0.08") from 
LS 
package to source 
bonding pad. 
S 


Junction-ta-Ambient 
RaJA 
Free air operation 
- 
- 
120 
°C/W 


Continuous 
Source Current 
IS 
Modified MOSFET 


~ 


- 
- 
1.0 
A 
(Body Diode) 
symbol showing the 


Pulse Source Current 
ISM 
integral reverse 
- 
- 
8.0 
A 
(Body Diode) (Note 3) 
P-N junco rectifier. 


Diode Forward Voltage (Note 2) 
VSO 
TJ = +250C,IS 
= 1.0A, VGS = OV 
- 
- 
2.5 
V 
Reverse Recovery Time 
trr 
TJ - + 1500C, IF - 1.0A, dlF/dt - 1OON~s 
- 
100 
- 
ns 
Reverse Recovered 
Charge 
°RR 
TJ - +1500C,IF 
-1.0A, 
dlF/dt -100N~s 
- 
0.2 
- 
IIC 
Forward Turn-on 
Time 
tON 
Intrinsic turn-on 
time is negligible. Turn-on 
- 
- 
- 
- 
speed is substantially 
controlled 
by LS + LO' 


NOTES: 


1. TJ = +250Cto 
+150oC 


2. Pulse Test: 
Pulse width :s 300~s, Duty Cycle :s 2% 
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Fig. 5 - Typical 
Transconductance 
Vs. Drain Current 


5.0 


•. 0 
5~,. 
3.0 
5 
•... 
~az 
2.0 
~ 
0 
E 


1.0 


/ 


+JO-5;OC, 
/' 


,TJ 
0 2~OC,,- ""-. 
fj 
TJ 
0 (250C "- 
I 
T 
: 
I'--, 


10. 
I PULSE 
TEST 
I 
~ 
I 
I 
I 
'--~Vos> 
lo(onl 
x AOS(onl mill 


/ 
fI 
a 
o o 
2 
• 
6 
8 


VGS. GATE·TO·SoURCE 
VOLTAGE (VOL TS) 


Fig. 2 - Typical 
Transfer 
Characteristics 


f 
/ 1/ 
I,, 
/ / 


TJ '" 25°C 


-TJ=1500C 


I 
II 
0.1 


o 
0.2 
O.~ 
0.6 
0.8 
1.0 
12 
1,4 
1.6 
1.8 
2.0 


VSQ. SOURCE·TO·DRAIN 
VOL TAGE 
(VOL TS) 
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Forward 
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Fig. 10 - Tvpical 
Gate Charge Vs. Gate-to-Source 
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;)JHARRIS 
'RFD120/121/122/123 
'RFD120R/121R/122R/123R 


N-Channel Power MOSFETs 


Avalanche Energy Rated* 


Features 


• 1.3A and 1.1A, 80V - 100V 


• rDS(on) = 0.300 
and 0.400 


• Single Pulse Avalanche Energy Rated* 


• SOA is Power-Dissipation 
Limited 


• Nanosecond Switching Speeds 


• Linear Transfer Characteristics 


4-PIN 
DIP 
TOP VIEWO 


SOURCE 


DRAIN 


GATE 


Description 


The 
IRFD120, 
IRFD121, 
IRFD122, 
and 
IRFD123 
are 


n-channel enhancement-mode silicon-gate power field-effect 
transistors. IRFD120R, IRFD121R,IRFD122R, and IRFD123R 
types are advanced power MOSFETs designed, tested, and 
guaranteed to withstand a specified level of energy in the 
breakdown avalanche mode of operation. All of these power 
MOSFETs are designed for applications such as switching 
regulators, switching converters, motor drivers, relay drivers, 
and drivers for 
high-power 
bipolar switching transistors 


requiring high speed and low gate-drive power. These types 
can be operated directly from integrated circuits. 


The IRFD types are supplied in the 4-pin dual-in-line plastic 
package. 


Terminal Diagram 


N-CHANNEL 
ENHANCEMENT 
MODE 


Drain-Source 
Voltage (1) .....................••••••. 
VDS 
Drain-Gate 
Voltage (RGS = 20kfl) 
(1) •••••........... 
VDGR 
Continuous 
Drain Current 


TC = +250C 
........•......................•••.••.. 
10 
Pulsed Drain Current. 
......••.•..................•••. 
10M 
Gate-Source 
Voltage 
.............••••••............ 
VGS 


Maximum Power Dissipation 


TC = +250C 
(See Figure 13) ..........•.......•...... 
Po 
Unear Derating Factor (See Figure 13) ...•.......•........ 
Inductive Current, Clamped 
...........•••.......•..... 
ILM 


(See Figure 14, L = 10011H) 
Single Pulse Avalanche 
Energy Rating (3) ...•........•• 
Eas* 


Operating 
and Storage Junction 
..........••...... 
TJ, TSTG 
Temperature 
Range 
Maximum Lead Temperature 
for Soldering 
.••••.........• 
TL 


(0.063" 
(1.6mm) from case for 10s) 


IRFD120 
IRFD121 
IRFD122 
IRFD123 
IRFD120R 
IRFD121R 
IRFD122R 
IRFD123R 
UNITS 


100 
80 
100 
80 
V 
100 
80 
100 
80 
V 


1.3 
1.3 
1.1 
1.1 
A 
5.2 
5.2 
4.4 
4.4 
A 
±20 
±20 
±20 
±20 
V 


1.0 
1.0 
1.0 
1.0 
W 
0.008 
0.008 
0.008 
0.008 
W/oC 
5.2 
5.2 
4.4 
4.4 
A 


36 
36 
36 
36 
mJ 
-55to+150 
-55 to +150 
-55 to +150 
-55 to +150 
°C 


300 
300 
300 
300 
°C 


3. VDD - 25V. starting TJ = +250C. L - 32mH, Ras = 250, 


IpEAK = 1.3A.See Figure 15. 


NOTES: 


1. TJ = +250C to +1500C. 


2. Pulse Test: Pulse width ~ 300~s, Duty Cycle ~ 2%. 
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z 
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zC 
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u •.•• 
'3: 
Zc 
Do. 


- 
Drain-Source 
Breakdown 
Voltage 
BVOSS 
VGS = OV, 10 = 25011A 
IRF0120/122,IRF0120R/122R 
100 
- 
- 
V 


IRF0121/123,IRF0121 
R/123R 
SO 
- 
- 
V 


Gate Threshold Voltage 
VGSITHl 
VOS - VGS, 10 - 25Ol'A 
2.0 
- 
4.0 
V 


Gate-Source 
Leakage Forward 
IGSS 
VGS-20V 
- 
- 
500 
nA 


Gate-Source 
Leakage Reverse 
IGSS 
VGS--20V 
- 
- 
-500 
nA 


Zero Gate Voltage Drain Current 
lOSS 
VOS - Max Rating, VGS - OV 
- 
- 
250 
I'A 
VOS = Max Rating x O.S,VGS - OV, 
- 
- 
1000 
1lA 
TC=+1250C 


On-State 
Drain Current (Note 2) 
10(ON) 
VOS> 
10(ON) x rOS(ON) Max, VGS = 10V 
IRF0120/121,IRF0120R/121 
R 
1.3 
- 
- 
A 


IRF0122/123,IRF0122R/123R 
1.1 
- 
- 
A 


Static Drain-Source 
On-State 
rOS(ON) 
VGS - 1OV,IO - 0.6A 
Resistance (Note 2) 
IRF0120/121,IRF0120R/121 
R 
- 
0.25 
0.30 
n 


IRF0122/123,IRF0122R/123R 
- 
0.30 
0.40 
n 


Forward Transconductance 
(Note 2) 
9fs 
VOS> 
1010N) x rOSCON) Max, 10 = 0.6A 
0.9 
1.0 
- 
Sm) 


Input Capacitance 
CISS 
VGS = OV,VOS = 25V, f = 1.0MHz 
- 
450 
- 
pF 


Output Capacitance 
COSS 
See Figure 9 
- 
200 
- 
pF 


Reverse Transfer Capacitance 
CRSS 
- 
50 
- 
pF 


Turn-On 
Delay Time 
!dIONl 
VOO '" 0.5BVOSS,10 
- 1.3A, RG - 9.1n 
- 
20 
40 
ns 


RiseTime 
tr 
See Figure 16. (MOSFET switching times 
- 
35 
70 
ns 


Turn-Off 
Delay Time 
!dIOFFl 
are essentially independent 
of operating 
- 
50 
100 
temperature) 
ns 


Fall Time 
tf 
- 
35 
70 
ns 


Total Gate Charge 
Og 
VGS = 10V,I0 
= 1.3A, VOS =O.S Max 
- 
11 
15 
nC 
(Gate-Source 
+ Gate-Drain) 
Rating. See Figure 17 for test circuit 


Gate-Source 
Charge 
Oas 
(Gate charge is essentially independent 
of 
- 
6.0 
- 
nC 


Gate-Drain 
("Miller") 
Charge 
Oad 
operating temperature.) 
- 
5.0 
- 
nC 


Internal Drain Inductance 
LO 
Measured from 
Modified MOSFET 
- 
4.0 
- 
nH 


the drain lead, 
symbol showing the 
2.0mm (O.OSin.) 
internal device 
from package 
,O~ 
to center of 
die. 


Internal Source Inductance 
LS 
Measured from the 
- 
6.0 
- 
nH 
source lead, 2.0mm 
G 
I 


(O.OS")from 
LS 
package to source 
bonding pad. 
S 


Junction-ta-Ambient 
RaJA 
Free air operation 
- 
- 
120 
°C/W 


Continuous 
Source Current 
IS 
Modified MOSFET 


~ 


- 
- 
1.3 
A 
(Body Diode) 
symbol showing the 
Pulse Source Current 
ISM 
integral reverse 
- 
- 
5.2 
A 
(Body Diode) (Note 3) 
P-N junco rectifier. 


Diode Forward Voltage (Note 2) 
VSO 
TJ - +250C,IS 
-1.3A, 
VGS - OV 
- 
- 
2.5 
V 
Reverse Recovery Time 
trr 
TJ 
+1500C,IF 
- 1.3A, dlF/dt -1 OONl's 
- 
2S0 
ns 
Reverse Recovered 
Charge 
°RR 
TJ - + 1500C, IF - 1.3A, dlF/dt - 100NI's 
- 
1.6 
- 
I'C 
Forward Turn-on 
Time 
tON 
Intrinsic turn-on 
time is negligible. Turn-on 
- 
- 
- 
- 
speed is substantially 
controlled 
by LS + LO. 


NOTES: 


,. TJ = +2SoC 1o+1S00C 


2. Pulse Test: Pulse width ~ 300~s. Duty Cycle.5 
2% 
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IRFD1Z0.IRFD1Z1 


Features 


• O.4A and O.SA, 60V - 100V 


• rDS(onj = 2.40. and 3.20. 


• SOA is Power-Dissipation 
Limited 


• Nanosecond Switching 
Speeds 


• Linear Transfer Characteristics 


• High Input Impedance 


• Majority Carrier Device 


4-PIN DIP 
TOP VIEWO 


SOURCE 


DRAIN 


GATE 


Description 


The 
IRFD1Z0, 
IRFD1Z1, 
IRFD1Z2, 
and 
IRFD1Z3 
are 
n-channel enhancement-mode silicon-gate power field-effect 
transistors designed for applications such as switching regula- 
tors, switching converters, motor drivers, relay drivers, and 
drivers for high-power bipolar switching transistors requiring 
high speed and low gate-drive power. These types can be 
operated directly from integrated circuits. 


The IRFD types are supplied in the 4-pin DIP package. 


Terminal Diagram 


N-CHANNEL 
ENHANCEMENT 
MODE 


Drain-Source Voltage (1) ...........•......•.•....... 
VDS 
Drain-Gate Voltage (AGS = 20kO) (1) .......•.•...... 
VDGA 
Continuous Drain Current 
TC = +250C ....................•.................. 
10 
Pulsed Drain Current 
10M 
Gate-Source Voltage 
VGS 
Maximum Power Dissipation 
TC = +250C (See Figure 13) .•....................... 
Po 
Linear Derating Factor (See Figure 13) .........•.......... 
Inductive Current, Clamped 
ILM 
(See Figures 14 and 15, L 10011H) 
Operating and Storage Junction 
TJ, TSTG 
Temperature Aange 
Maximum Lead Temperature for Soldering 
TL 
(0.063" (1.6mm) from case for 1Os) 


JRFD1Z0 
IRFD1Zl 
JRFD1Z2 
IRFD1Z3 


100 
60 
100 
60 
100 
60 
100 
60 


0.5 
0.5 
0.4 
0.4 
4.0 
4.0 
3.2 
3.2 
±20 
±20 
±20 
±20 


1.0 
1.0 
1.0 
1.0 
0.008 
0.008 
0.008 
0.008 
4.0 
4.0 
3.2 
3.2 


-55to+150 
-55to 
+150 
-55 to +150 
-55to+150 


300 
300 
300 
300 


NOTES: 


1. TJ = +250C to +1500C. 


2. Pulse Test: Pulse width .s. 300jJs, Duty Cycle 5..2%. 


UNITS 


V 
V 


W 
WloC 


A 


Parameter 
Type 
Min. 
Typ. 
Max. 
Units 
Test Conditions 


BVDss 
Drain· 
Source Breakdown Voltage 
IRFD1Z0.2 
100 
- 
- 
V 
VGs ~ OV 


IRFD1Z1.3 
60 
- 
- 
V 
ID ~ 250"A 


VGslthl 
Gete Threshold Voltege 
ALL 
2.0 
- 
4.0 
V 
VDs 
~ VGs. ID ~ 250"A 


IGss 
Gate· 
Source Leakage Forward 
ALL 
- 
- 
500 
nA 
VGs = 20V 


IGss 
Gate - Source Leakage Reverse 
ALL 
- 
- 
-500 
nA 
VGs ~ -20V 


IDss 
Zero Gate Voltage Drain Current 
- 
- 
250 
"A 
VDs 
~ Max. Rating. VGs = OV 
ALL 
1000 
VDs 
~ Max. Rating x O.B. VGs 
~ OV. TC ~ 125°C 
- 
- 
"A 


IDlonl 
On·State Drain Current ® 
IRFD1Z0.l 
0.5 
- 
- 
A 


IRFD1Z2.3 
0.4 
- 
- 
A 
VDs ) IDlonl x RDslon! max .•VGs = 10V 


ROS(on) Static Drain· Source On·State 
IRFD1Z0.1 
- 
2.2 
2.4 
0 
Resistance ® 
VGs ~ 10V. ID ~ 0.25A 


IRFD1Z2.3 
- 
2.B 
3.2 
0 


gls 
Forward Transconductance ® 
ALL 
0.25 
0.35 
- 
sIU! 
VDs ) ID1on! x RDslon! max .•ID ~ 0.25A 


Ciss 
Input Capacitance 
ALL 
- 
50 
- 
pF 
VGs ~ OV. VDs 
~ 25V. I ~ 1.0 MHz 


Coss 
Output Capacitance 
ALL 
- 
20 
- 
pF 
See Fig. 9 
Crss 
Reverse Transfer Capacitance 
ALL 
- 
5.0 
- 
pF 


tdlon! 
Turn-On Delay Time 
ALL 
- 
10 
20 
ns 
VDD 
m 0.5 BVDss. 
ID ~ 0.25A. 
Zo = 500 


t, 
Rise Time 
ALL 
- 
15 
25 
ns 
See Fig. 16 


tdloll! 
Turn·Off Delay Time 
ALL 
- 
15 
25 
ns 
(MOSFET switching times are essentially 


tl 
Fall Time 
ALL 
- 
10 
20 
ns 
independent of operating temperature.) 


Og 
Total Gate Charge 
ALL 
- 
2.0 
3.0 
nC 
VGs = 10V. ID ~ 1.2A. VDs = O.B Max. Rating. 


(Gate-Source Plus Gate·Drain) 
See Fig. 17 for test circuit. (Gate charge is essentially 


Ogs 
Gate-Source Charge 
1.0 
nC 
independent of operating temperature.) 


ALL 
- 
- 


°gd 
Gate·Drain ("Miller") 
Charge 
ALL 
- 
1.0 
- 
nC 


LD 
Internal Drain Inductance 
ALL 
- 
4.0 
- 
nH 
Measure from the 
Modilied MOsFET 
drain lead. 2.0mm 
symbol showing the 
10.08 in.) from 
internal device 
package to center of 
inductances. 


die. 
$ 


Ls 
Internal Source Inductance 
ALL 
- 
6.0 
- 
nH 
Measured from the 
source lead. 2.0mm 
10.08 in.) from 
package to source 
bonding pad. 


RthJA 
Junction·to-Ambient 
Source-Drain Diode Ratings and Characteristics 


IS 
Continuous Source Current 
IRFD1Z0.l 
- 
- 
0.5 
A 
Modified MOSFET symbol 
IBody Diode! 
showing the integral 


~ 


IRFD1Z2.3 
- 
- 
0.4 
A 
reverse P·N junction rectifier. 


ISM 
Pulse Source Current 
IRFD1Z0.1 
- 
- 
4.0 
A 
IBody Diode! 
IRF01Z2.3 
- 
- 
3.2 
A 


VsD 
Diode Forward Voltage ® 
IRFD1Z0,1 
- 
- 
1.4 
V 
TA = 25°C. 
I,; = 0.5A. Vr.,; 
- 
OV 


IRFD1Z2,3 
- 
- 
1.3 
V 
T•. = 25°C. 
I", = 0.4A. V"", 
~ OV 


trr 
Reverse Recovery Time 
ALL 
- 
100 
- 
ns 
TJ = 150°C. 
IF - 
0.5A. dlF/dt - 
100A/"s 


°RR 
Reverse Recovered Charge 
ALL 
- 
0.2 
- 
"C 
TJ - 
150°C. 
IF - 
0.5A. dlF/dt - 
l00Al"s 


ton 
Forward Turn·on Time 
ALL 
Intrinsic turn·on time is negligible. Turn·on speed is substantially controlled by LS + LD' 
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Fig. 11 - Typical On· Resistance Vs. Drain Current 
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Fig. 10 - Typical Gate Charge Vs. Gate-to·Source 
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Fig. 12 - Maximum Drain Current Vs. Case Temperature 


0•... 


1.0 
•...«~: 
z 
0 
0.8 
>=:t~ 
C 
0.6 
'"~~ 0.4 
~ 


0.2 


20 
40 
60 
80 
100 
120 
140 


TA. AM81ENT TEMPERATURE 
(OCI 


Fig. 13 - Power Vs. Temperature 
Derating Curve 


- 
0~·5mA 


VARY lp TO 08TAIN 


REQUIRED PEAK IL 
TC"'J 
OUT 
vGs=rr-1PL 


IL 


EI = 0.5 8VOSS 
EC = 0.75 8Voss 
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Features 


• O.6A and 
0.45A, 
150V 
- 200V 


• rDS(on) 
= 1.50 
and 
2.40 


• Single 
Pulse 
Avalanche 
Energy 
Rated" 


• SOA 
is Power-Dissipation 
Limited 


• Nanosecond 
Switching 
Speeds 


• Linear 
Transfer 
Characteristics 


• High 
Input 
Impedance 


Description 


The 
IRFD210, 
IRFD211, 
IRFD212, 
and 
IRFD213 
are 
n-channel 
enhancement-mode 
silicon-gate 
power 
field-effect 
transistors. 
IRFD210R, 
IRFD211 R, IRFD212R, 
and IRFD213R 


types 
are advanced 
power 
MOSFETs 
designed, 
tested, 
and 


guaranteed 
to 
withstand 
a specified 
level 
of energy 
in the 
breakdown 
avalanche 
mode 
of operation. 
All of these 
power 
MOSFETs 
are 
designed 
for 
applications 
such 
as switching 
regulators, 
switching 
converters, 
motor 
drivers, 
relay drivers, 
and 
drivers 
for 
high-power 
bipolar 
switching 
transistors 
requiring 
high 
speed 
and low gate-drive 
power. 
These 
types 
can be operated 
directly 
from 
integrated 
circuits. 


The IRFD types 
are supplied 
in the 4-pin 
dual-in-Iine 
plastic 
package. 


IRFD210/211/212/213 


IRFD210R/211R/212R/213R 


N-Channel 
Power MOSFETs 


Avalanche 
Energy Rated* 


4-PIN DIP 
TOP VIEWO 


SOURCE 


DRAIN 


GATE 


Terminal Diagram 


N-CHANNEL 
ENHANCEMENT 
MODE 


Drain-Source Voltage (1) .................•.......... 
VDS 
Drain-Gate Voltage (RGS = 20kO) (1) 
VDGR 
Continuous Drain Current 
TC = +250C 
ID 
Pulsed Drain Current .................•.•............. 
IDM 
Gate-SourceVoltage 
VGS 
Maximum Power Dissipation 
TC = +250C (See Figure 13) ..................•...... 
PD 
Linear Derating Factor (See Figure 13) 
. 


Inductive Current, Clamped 
ILM 
(See Figure 14, L = 1OO~H) 
Single Pulse Avalanche Energy Rating (3) 
Eas* 
Operating and Storage Junction 
TJ, TSTG 
Temperature Range 
Maximum Lead Temperature for Soldering 
TL 
(0.063" (1.6mm) from case for 10s) 


NOTES: 


1. TJ = +250C to +1500C. 


2. Pulse Test: 
Pulse width'::: 
300/ls, Duty Cycle.s 
2%. 


IRFD210 
IRFD211 
IRFD212 
IRFD213 
IRFD210R 
IRFD211R 
IRFD212R 
IRFD213R 
UNITS 


200 
150 
200 
150 
V 
200 
150 
200 
150 
V 


0.6 
0.6 
0.45 
0.45 
A 
2.5 
2.5 
1.8 
1.8 
A 
±20 
±20 
±20 
±20 
V 


1.0 
1.0 
1.0 
1.0 
W 
0.008 
0.008 
0.008 
0.008 
WloC 
2.5 
2.5 
1.8 
1.8 
A 


30 
30 
30 
30 
mJ 
-55 to +150 
-55to+150 
-55 to +150 
-55to+150 
°C 


300 
300 
300 
300 
°C 


3. Vaa = 20V,startingTJ = +250C, L = 112.7mH,RGS= 50n, 
IpEAK= 2.2A.SeeFigure15. 
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LIMITS 


CHARACTERISTIC 
SYMBOL 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Drain-Source 
Breakdown 
Voltage 
BVOSS 
VGS = OV,ID = 250/lA 
IRFD210/212,IRF0210R/212R 
200 
- 
- 
V 


IRF0211/213,IRF0211 
R/213R 
150 
- 
- 
V 


Gate Threshold Voltage 
VGSfTH\ 
VOS = VGS, 10 = 250~A 
2.0 
- 
4.0 
V 


Gate-Source 
Leakage Forward 
IGSS 
VGS= 
20V 
- 
- 
500 
nA 


Gate-Source 
Leakage Reverse 
IGSS 
VGS=-20V 
- 
- 
-500 
nA 


Zero Gate Voltage Drain Current 
lOSS 
VOS = Max Rating, VGS = OV 
- 
- 
250 
~A 


VOS = Max Rating x 0.8, VGS = OV, 
- 
- 
1000 
~A 
TC=+1250C 


On-State 
Drain Current (Note 2) 
10(ON) 
VOS> 
10(ON) x rOS(ON) Max, VGS = 10V 
IRFD210/211,IRF0210R/211R 
0.6 
- 
- 
A 


IRF0212/213,IRF0212R/213R 
0.45 
- 
- 
A 


Static Drain-Source 
On-State 
rOS(ON) 
VGS = 10V,I0 
= 0.3A 
Resistance (Note 2) 
IRF0210/211,IRF0210R/211 
R 
- 
1.0 
1.5 
n 


IRF0212/213,IRF0212R/213R 
- 
1.5 
2.4 
n 


Forward Transconductance 
(Note 2) 
9fs 
VOS> 
10lONI x rOSION\ Max, 10 = 0.3A 
0.5 
0.8 
- 
Sm) 


Input Capacitance 
CISS 
VGS = OV,VOS = 25V, f = 1.0MHz 
- 
135 
- 
pF 


Output Capacitance 
COSS 
See Figure9 
- 
60 
- 
pF 


Reverse Transfer Capacitance 
CRSS 
- 
16 
- 
pF 


Turn-On 
OelayTime 
td(ONI 
VOO '" 0.5BVOSS, 10 = 0.6A, RG = 9.1n 
- 
8.0 
15 
ns 


Rise Time 
tr 
See Figure 16. (MOSFET switching 
times 
- 
15 
25 
ns 


Turn-Off 
Delay Time 
1dtOFFl 
are essentially independent 
of operating 
- 
10 
15 
temperature) 
ns 


Fall Time 
tf 
- 
8.0 
15 
ns 


Total Gate Charge 
Og 
VGS = 1OV,10 = 0.6A, VOS = 0.8 Max 
- 
5.0 
7.5 
nC 
(Gate-Source 
+ Gate-Orain) 
Rating. See Figure 17 for test circuit 


Gate-Source 
Charge 
Oas 
(Gate charge is essentially independent 
of 
- 
2.0 
- 
nC 


Gate-Orain 
("Miller") 
Charge 
Oad 
operating tem perature.) 
- 
3.0 
- 
nC 


Internal Drain Inductance 
LO 
Measured from 
Modified MOSFET 
- 
4.0 
- 
nH 
the drain lead, 
symbol showing the 
2.0mm (0.08 in.) 
internal device 
from package 
'"~ 


to center of 
die. 


Internal Source Inductance 
LS 
Measured from the 
- 
6.0 
- 
nH 
source lead, 2.0mm 
G 
I 


(0.08") from 
LS 
package to source 
bonding pad. 
S 


Junction-ta-Ambient 
ROJA 
Free air operation 
- 
- 
120 
°C/W 


Continuous 
Source Current 
IS 
Modified MOSFET 


~ 


- 
- 
0.6 
A 
(Body Oiode) 
symbol showing the 


Pulse Source Current 
ISM 
integral reverse 
- 
- 
2.5 
A 
(Body Diode) 
P-N junco rectifier. 


Diode Forward Voltage (Note 2) 
VSD 
TJ = +250C, IS = 0.6A, VGS = OV 
- 
- 
2.0 
V 


Reverse Recovery Time 
trr 
TJ - +1500C,IF 
- 0.6A, dlF/dt -100N~s 
- 
290 
- 
ns 
Reverse Recovered 
Charge 
°RR 
TJ - + 1500C, IF - 0.6A, dlF/dt - 1OOA/~s 
- 
2.0 
- 
~C 
Forward Turn-on 
Time 
tON 
Intrinsic turn-on 
time is negligible. Turn-on 
- 
- 
- 
- 
speed is sUbstantially controlled 
by LS + LO. 


NOTES: 


1. TJ = +2SoC to +1S00C 


2. Pulse Test: Pulse width .$ 300~s. Duty Cycle .$ 2% 


3. VDD = 
20V. 
starting 
TJ = 
+2SoC. 
L 
IpEAK = 2.2A. (See Figure IS.) 
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Features 


• 0.7A 
and 
O.SA, 
150V 
- 200V 


• rDS(on) 
= O.SO 
and 
1.20 


• Single 
Pulse 
Avalanche 
Energy 
Rated" 


• SOA 
is Power-Dissipation 
Limited 


• Nanosecond 
Switching 
Speeds 


• Linear 
Transfer 
Characteristics 


Description 


The 
IRFD220, 
IRFD221, 
IRFD222, 
and 
IRFD223 
are 
n-channel 
enhancement-mode 
silicon-gate 
power 
field-effect 
transistors. 
IRFD220R, 
IRFD221 
R, IRFD222R, 
and 
IRFD223R 
types 
are 
advanced 
power 
MOSFETs 
designed, 
tested. 
and 
guaranteed 
to 
withstand 
a 
specified 
level 
of 
energy 
in the 
breakdown 
avalanche 
mode 
of operation. 
All 
of these 
power 
MOSFETs 
are 
designed 
for 
applications 
such 
as 
sWitching 
regulators, 
switching 
converters, 
motor 
drivers, 
relay 
drivers, 


and 
drivers 
for 
high-power 
bipolar 
switching 
transistors 
requiring 
high 
speed 
and 
low 
gate-drive 
power. 
These 
types 
can 
be operated 
directly 
from 
integrated 
circuits. 


The 
IRFD 
types 
are supplied 
in the 
4-pin 
dual-in-Iine 
plastic 
package. 


4-PIN 
DIP 


TOP VIEWO 


SOURCE 


DRAIN 


GATE 


Terminal Diagram 


N-CHANNEL 
ENHANCEMENT 
MODE 


Drain-Source 
Voltage (1) .....................•...... 
VDS 
Drain-Gate 
Voltage (RGS = 20kO) (1) 
VDGR 
Continuous 
Drain Current 
TC = +250C 
10 
Pulsed Drain Current .............•................... 
10M 
Gate-Source 
Voltage 
...................•........... 
VGS 
Maximum Power Dissipation 
TC = +250C (See Figure 13) 
Po 
Unear Derating Factor (See Figure 13) ...........•........ 
Inductive Current, Clamped 
.....................•..... 
ILM 
(See Figure 14, L = 1OO~H) 
Single Pulse Avalanche 
Energy Rating (3) 
Eas" 


Operating 
and Storage Junction 
TJ. TSTG 
Temperature 
Range 


Maximum Lead Temperature 
for Soldering 
TL 
(0.063" (1.6mm) from case for 10s) 


NOTES: 


1. TJ = +2Soc 
to +1S00C. 


2. Pulse Test: 
Pulse width ~ 300jJs, Duty Cycle ~ 2%. 


IRFD220 
IRFD221 
IRFD222 
IRFD223 
IRFD220R 
IRFD221R 
IRFD222R 
IRFD223R 
UNITS 


200 
150 
200 
150 
V 
200 
150 
200 
150 
V 


0.8 
0.8 
0.7 
0.7 
A 
6.4 
6.4 
5.6 
5.6 
A 
±20 
±20 
±20 
±20 
V 


1.0 
1.0 
1.0 
1.0 
W 
0.008 
0.008 
0.008 
0.008 
W/DC 
6.4 
6.4 
5.6 
5.6 
A 


85 
85 
85 
85 
mJ 
-55to+150 
-55to+150 
-55 to +150 
-55to+150 
oC 


300 
300 
300 
300 
oC 


3. VOO = 2SV, starting 
TJ = +2SoC, 
L = 12.62mH, 
RGS = son, 
IpEAK = 3.SA. See Figure 
1S. 


LIMITS 


CHARACTERISTIC 
SYMBOL 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Drain-Source 
Breakdown 
Voltage 
BVOSS 
VGS = OV, 10 = 250flA 
IRFD220/222,IRF0220R/222R 
200 
- 
- 
V 


IRF0221 /223,IRF0221 
R/223R 
150 
- 
- 
V 


Gate Threshold Voltage 
VGSfTHl 
VOS - VGS, 10 - 250~A 
2.0 
- 
4.0 
V 


Gate-Source 
Leakage Forward 
IGSS 
VGS-20V 
- 
- 
500 
nA 


Gate-Source 
Leakage Reverse 
IGSS 
VGS--20V 
- 
- 
-SOO 
nA 


Zero Gate Voltage Drain Current 
lOSS 
VOS - Max Rating, VGS - OV 
- 
- 
250 
~A 


VOS = Max Rating x 0.8, VGS = OV, 
- 
- 
1000 
~A 
TC=+1250C 


On-State 
Drain Current (Note 2) 
10(ON) 
VOS> 
10(ON) x rOS(ON) Max, VGS = 10V 
IRF0220/221,IRF0220R/221 
R 
0.8 
- 
- 
A 


IRF0222/223,IRF0222R/223R 
0.7 
- 
- 
A 


Static Drain-Source 
On-State 
rOS(ON) 
VGS = 10V,I0 
= O.4A 
Resistance (Note 2) 
IRF0220/221,IRF0220R/221 
R 
- 
0.5 
0.8 
n 


IRF0222/223,IRF0222R/223R 
- 
0.8 
1.2 
n 


Forward Transconductance 
(Note 2) 
9fs 
VOS> 
10lONI x rOSIONI Max,IO - O.4A 
0.5 
1.1 
- 
Sm) 


Input Capacitance 
CISS 
VGS - OV,VOS - 25V, f - 1.0MHz 
- 
450 
- 
pF 


Output Capacitance 
COSS 
See Figure 9 
- 
150 
- 
pF 


Reverse Transfer Capacitance 
CRSS 
- 
40 
- 
pF 


Turn-On 
OelayTime 
tdlON\ 
VOO '" 0.5BVOSS,10 
= 0.8A, RG = 9.1n 
- 
20 
40 
ns 


RiseTime 
tr 
See Figure 16. (MOSFET switching 
times 
- 
30 
60 
ns 


Turn-Off 
Delay Time 
!d(OFFl 
are essentially independent 
of operating 
- 
SO 
100 
temperature) 
ns 


Fall Time 
tf 
- 
30 
60 
ns 


Total Gate Charge 
Og 
VGS = 1OV,IO = 0.8A, VOS = 0.8 Max 
- 
11 
15 
nC 
(Gate-Source 
+ Gate-Drain) 
Rating. See Figure 17 for test circuit 


Gate-Source 
Charge 
Oos 
(Gate charge is essentially independent 
of 
- 
6.0 
- 
nC 


Gate-Drain 
("Miller") 
Charge 
Ood 
operating temperature.) 
- 
5.0 
- 
nC 


Internal Drain Inductance 
LO 
Measured from 
Modified MOSFET 
- 
4.0 
- 
nH 
the drain lead, 
symbol showing the 
2.0mm (0.08 in.) 
internal device 
from package 
inductances. 


to center of 


~ 


die. 


Internal Source Inductance 
LS 
Measured from the 
- 
6.0 
- 
nH 
source lead, 2.0mm 
G 
I 


(0.08") from 
LS 
package to source 
bonding pad. 
S 


Junction-to-Case 
ROJC 
Free air operation 
- 
- 
120 
°C/W 


Continuous 
Source Current 
IS 
Modified MOSFET 


~ 


- 
- 
0.8 
A 
(Body Diode) 
symbol showing the 


Pulse Source Current 
ISM 
integral reverse 
- 
- 
6.4 
A 
(Body Diode) 
P-N junco rectifier. 


Diode Forward Voltage (Note 2) 
VSO 
TJ = +250C,IS 
= 0.8A, VGS = OV 
- 
- 
2.0 
V 


Reverse Recovery Time 
trr 
TJ = +1500C,IF 
=0.8A,dIF/dt 
= 100A/~s 
- 
150 
- 
ns 


Reverse Recovered Charge 
°RR 
TJ = +1500C,IF 
= 0.8A, dlF/dt = 100N~s 
- 
0.6 
- 
~C 
Forward Turn-on 
Time 
tON 
Intrinsic turn-on 
time is negligible. Turn-on 
- 
- 
- 
- 
speed is substantially 
controlled 
by LS + Lo. 


NOTES: 


t. TJ = +250C 
\0 +1500C 


2. Pulse Test: 
Pulse width ~ 300~s, Duty Cycle ~ 2% 


3. VDD = 25V, starting TJ = +250C, 
L = 12.62mH, 
RGS ~ son, 
IpEAK = 3.5A. (See Figure 15.) 
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m HARRIS 
IRFD2Z0, IRFD2Z 1 
IRFD2Z2, IRFD2Z3 


N-Channel Enhancement-Mode 


Power Field-Effect Transistors 


Features 


• 0.30A and 0.32A, 150V - 200V 


• rDS(on) = 5.0n and 6.5n 


• SOA is Power-Dissipation 
Limited 


• Nanosecond Switching Speeds 


• Linear Transfer Characteristics 


4-PIN 
DIP 
TOP VIEWO 


SOURCE 


DRAIN 


GATE 


• High Input Impedance 


• Majority Carrier Device 


Description 


The 
IRFD2Z0, 
IRFD2Z1, 
IRFD2Z2, 
and 
IRFD2Z3 
are 
n-channel enhancement-mode silicon-gate power field-effect 
transistors designed for applications such as switching regula- 
tors, sWitching converters, motor drivers, relay drivers, and 
drivers for high-power bipolar switching transistors requiring 
high speed and low gate-drive power. These types can be 
operated directly from integrated circuits. 


The IRFD types are supplied in the 4-pin DIP package. 


Terminal Diagram 


N-CHANNEL 
ENHANCEMENT MODE 


Orain-Source Voltage (1) . . . . . . . • . . . . . . . . . . . . . . . . . . .. 
VOS 
Orain-Gate Voltage (RGS = 20kO) (1) 
VOGR 
Continuous Drain Current 


TC = +250C ...•...........•••.....••........•.•... 
10 
Pulsed Drain Current 
10M 
Gate-Source Voltage 
•.•••...•••..•....•...•......•• 
VGS 
Maximum Power Dissipation 
TC = +250C (See Figure 13) •........................ 
Po 
UnearDerating 
Factor (See Figure 13) .......•.........•.. 


Inductive Current, Clamped (3) ...........•............ 
ILM 
Operating and Storage Junction 
TJ, TSTG 
Temperature Range 
Maximum Lead Temperature for Soldering ..............• 
TL 
(0.063" (1.6mm) from case for 10s) 


IRFD2Z0 
IRFD2Z1 
IRFD2Z2 
IRFD2Z3 


200 
150 
200 
150 
200 
150 
200 
150 


0.32 
0.32 
0.30 
0.30 
1.5 
1.5 
1.4 
1.4 


±20 
±20 
±20 
±20 


1.0 
1.0 
1.0 
1.0 
0.008 
0.008 
0.008 
0.008 


1.5 
1.5 
1.4 
1.4 


-55to+150 
-55 to +150 
-55 to +150 
-55 to +150 


300 
300 
300 
300 


UNITS 


V 
V 


W 
WloC 


A 
°c 


NOTES: 


1. TJ = +250C to +1500C. 


2. Pulse Test: Pulse width 
:0::. 300~s. Duty Cycle 
:0::. 2%. 


3 See Figures 14 and 15. L = 1OO~H 


~ 
•..•w 
w u.. 
z(i) 
zC 
<::IE 
:J:a: 
Uw 
';= 
Zc 
a.. 


CHARACTERISTIC 
TYPE 
MIN. 
TYP. 
MAX. 
UNITS 
TEST CONDITIONS 


Drain-Source 
Breakdown 
Voltage 
BVoss 
IRFD2Z0 
200 
- 
- 
V 
Vas = 0 V 
IRFD2Z2 


IRFD2Z1 
150 
- 
- 
V 
10 = 250IlA 
IRFD2Z3 
Gate Threshold 
Voltage 
VGSlthl 
ALL 
2.0 
4.0 
V 
Ves - Vas, 10 = 250 IlA 
Gate-Source 
Leakage Forward 
IGSS 
ALL 
- 
- 
500 
nA 
Vas = 20 V 
Gate-Source 
Leakage Reverse 
lass 
ALL 
-500 
nA 
Vas - 
20V 
Zero-Gate 
Voltage Drain Current 
loss 
ALL 
- 
- 
250 
IlA 
Ves = Max. Rating. Vas = 0 V 
- 
- 
1000 
IlA 
Ves - Max. Rating x 0.8. Vas - 0 V. Tc = 125°C 


On-State 
Drain Current 
(2) 
IOlonl 
IRFD2Z0 
0.32 
- 
A 
IRFD2Z1 
- 


IRFD2Z2 
Ves> lo,on'x res,on'm••.• Vas = -10 V 


IRFD2Z3 
0.30 
- 
- 
A 


Static Drain-Source 
On-State 
rOSlonl 
IRFD2Z0 
- 
4.6 
5.0 
n 
Resistance 
(2) 
IRFD2Z1 


IRFD2Z2 
Vas = 10V.lo=0.15A 


IRFD2Z3 
- 
5.7 
6.5 
n 


Forward Transconductance 
(2) 
g•• 
ALL 
0.06 
0.11 
- 
S(U) 
Ves> lo,on'x res,on'mb.. 
10 = 0.15 A 
Input Capacitance 
C•• 
ALL 
- 
37 
pF 
Vas = 0 V, Ves = 25 V. f = 1.0 MHz 
Output Capacitance 
C••• 
ALL 
- 
15 
- 
pF 
See Fig. 9 
Reverse Transfer Capacitance 
C••• 
ALL 
- 
4.0 
- 
pF 
Turn-On 
Delay Time 
!deonJ 
ALL 
- 
15 
- 
ns 
Voo = 0.5 BVoss, 10 = 0.15 A, Zo = 50 n 
Rise Time 
t, 
ALL 
- 
10 
- 
ns 
See Fig. 16 
Turn-Off 
Delay Time 
to,om 
ALL 
- 
22 
- 
ns 
(MOSFET switching 
times are essentially 


Fall Time 
t, 
ALL 
- 
28 
- 
ns 
independent 
of operating 
temperature.) 


Total Gate Charge 
a. 
ALL 
- 
2.5 
4.0 
nC 
Vas = 10 V. 10 = 1.5 A, Ves = 0.8 V Max. Rating. 


(Gate-Source 
Plus Gate-Drain) 
See Fig. 17 for test circuit. 
(Gate charge is 
Gate-Source 
Charge 
a•• 
ALL 
- 
1.5 
- 
nC 
essentially 
independent 
of operating 
Gate-Drain 
("Miller") 
Charge 
a•• 
ALL 
- 
1.5 
-- 
nC 
temperature.) 


Internal Drain Inductance 
Lo 
ALL 
- 
4.0 
- 
nH 
Measured from the 
Modified 
MOSFET 
drain lead. 2.0 mm 
symbol showing 
the 
(0.08 in.) from package 
internal device 
to center of die. 
'""ctM~.~_ 
Internal Source Inductance 
Ls 
ALL 
- 
6.0 
- 
nH 
Measured from the 
source lead. 2.0 mm 
(0.08 in.) from 
La 
package to source 
bonding 
pad. 
a 


THERMAL RESISTANCE 
IJunction-to-Ambient 


Continuous 
Source Current 
Is 
IRFD2Z0 
0.32 
A 
Modified 
MOSFET symbol 


(Body Diode) 
IRFD2Z1 
- 
- 
showing the integral 
IRFD2Z2 
0.30 
A 
reverse P-N junction 
rectifier. ·4 


IRFD2Z3 
- 
- 


Pulse Source Current 
ISM 
IRFD2Z0 
1.5 
A 
(Body Diode) 
IRFD2Z1 
- 
- 


IRFD2Z2 
a 


IRFD2Z3 
- 
- 
1.4 
A 


Diode Forward Voltage 
(2) 
Vso 
IRFD2Z0 
1.3 
V 
Tc = 25°C, Is = 0.32 A, Vas = 0 V 
IRFD2Z1 
- 
- 


IRFD2Z2 
1.3 
V 
Tc = 25°C, Is = 0.30 A, Vas = 0 V 
IRFD2Z3 
- 
- 


Reverse Recoverv Time 
In 
ALL 
125 
ns 
TJ = 150°C. IF= 0.30 A, dlF/dt = 100 All'S 
Reverse Recovered Charge 
aRR 
ALL 
- 
0.2 
- 
pC 
TJ - 150°C, IF= 0.30 A, dlF/dt - 100 All'S 


Forward Turn-on 
Time 
Ion 
ALL 
Intrinsic turn-on 
time is negligible. 
Turn-on 
speed is substantially 
controlled 
by Ls + Lo. 


(j) TJ = 25°C to 150°C. 


(2) Pulse Test: Pulse width :s 300 I'S. Duty Cycle:S 2%. 
$ (See Fig. 14 and 15) L = 100IlH 
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Vs. Drain Current 
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Features 


• 0.3A and 0.4A, 350V - 400V 


• rDS(on) = 3.60 and 5.00 


• Single Pulse Avalanche Energy Rated* 


• SOA is Power-Dissipation 
Limited 


• Nanosecond Switching Speeds 


• Linear Transfer Characteristics 


• High Input Impedance 


4-PIN 
DIP 


TOP VIEWO 


SOURCE 


DRAIN 


GATE 


Description 


The 
IRFD310, 
IRFD311, 
IRFD312, 
and 
IRFD313 
are 
n-channel enhancement-mode silicon-gate power field-effect 
transistors. IRFD310R, IRFD311R, IRFD312R,and IRFD313R 
types are advanced power MOSFETs designed, tested, and 
guaranteed to withstand a specified level of energy in the 
breakdown avalanche mode of operation. All of these power 
MOSFETs are designed for applications such as switching 
regulators, switching converters, motor drivers, relay drivers, 
and drivers for 
high-power 
bipolar switching transistors 
requiring high speed and low gate-drive power. These types 
can be operated directly from integrated circuits. 


The IRFD types are supplied in the 4-pin dual-in-Iine plastic 
package. 


Terminal Diagram 


N-CHANNEL 
ENHANCEMENT 
MODE 


IRFD310 
IRFD311 
IRFD312 
IRFD313 


IRFD310R 
IRFD311R 
IRFD312R 
IRFD313R 


Drain-Source 
Voltage (1) ...................••.•..•.. 
VDS 
400 
350 
400 
350 


Drain-Gate 
Voltage (RGS = 20kO) (1) ••.•..........•• 
VDGR 
400 
350 
400 
350 
Continuous 
Drain Current 
TC = +250C 
..•....•..............................• 
10 
0.4 
0.4 
0.3 
0.3 


Pulsed Drain Current (3) ....................•......... 
10M 
1.6 
1.6 
1.2 
1.2 
Gate-Source 
Voltage 
•.•......................•..•.• 
VGS 
±20 
±20 
±20 
±20 
Maximum Power Dissipation 
TC = +250C (See Figure 14) •........................ 
Po 
1.0 
1.0 
1.0 
1.0 
Linear Derating Factor (See Figure 13) ..••.••.•........... 
0.008 
0.008 
0.008 
0.008 


Inductive Current, Clamped 
....•.••................... 
ILM 
1.6 
1.6 
1.2 
1.2 


(See Figure 14, L = 1OOIlH) 
Single Pulse Avalanche Energy Rating (4) .............. 
Eas* 
45 
45 
45 
45 


Operating 
and Storage Junction 
.................. 
TJ, TSTG 
-55to+150 
-55to+150 
-55 to +150 
-55to+150 
Temperature 
Range 
Maximum Lead Temperature 
for Soldering 
............... 
TL 
300 
300 
300 
300 
(0.063" 
(1.6mm) from case for 10s) 


NOTES: 


1. TJ = +250C to +1500C. 


2. Pulse Test: 
Pulse width::: 
300MS, Duty Cycle ~ 2%. 


3. Repetitive 
Rating: 
Pulse width 
limited 
by max. junction 
temperature. 
See 
Transient 
Thermal 
Impedance 
Curve (Figure 
15). 


UNITS 


V 


V 


W 
WloC 
A 


LIMITS 


CHARACTERISTIC 
SYMBOL 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Drain-Source 
Breakdown 
Voltage 
BVOSS 
VGS = OV, 10 = 2501lA 
IRFD310/312,IRF0310R/312R 
400 
- 
- 
V 


IRF0311/313,IRF0311 
R/313R 
350 
- 
- 
V 


Gate Threshold Voltage 
VGSITHI 
VOS - VGS, 10 - 250~A 
2.0 
- 
4.0 
V 


Gate-Source 
Leakage Forward 
IGSS 
VGS-20V 
- 
- 
500 
nA 


Gate-Source 
Leakage Reverse 
IGSS 
VGS--20V 
- 
- 
-500 
nA 


Zero Gate Voltage Drain Current 
lOSS 
VOS - Max Rating, VGS - OV 
- 
- 
250 
IlA 


VOS - Max Rating x 0.8, VGS - OV, 
- 
- 
1000 
IlA 
TC=+1250C 


On-State 
Drain Current (Note 2) 
10(ON) 
VOS> 
JO(ON) x rOS(ON) Max, VGS = 10V 
IRF0310/311,IRF0310R/311R 
0.4 
- 
- 
A 


IRF0312/313,IRF0312R/313R 
0.3 
- 
- 
A 


Static Drain-Source 
On-State 
rOS(ON) 
VGS -10V, 
10 - 0.2A 
Resistance (Note 2) 
IRF0310/311,IRF031 
OR/311 R 
- 
3.3 
3.6 
n 


IRFD312/313,IRF0312R/313R 
- 
3.6 
5.0 
n 


Forward Transconductance 
(Note 2) 
9fs 
VOS> 
10lONl x rOStON} Max, 10 = 0.2A 
0.5 
1.2 
- 
Sm) 
Input Capacitance 
CISS 
VGS - OV,VOS = 25V, f - 1.0MHz 
- 
135 
- 
pF 


Output Capacitance 
COSS 
See Figure 10 
- 
35 
- 
pF 


Reverse Transfer Capacitance 
CRSS 
- 
8.0 
- 
pF 


Turn-On 
OelayTime 
td(ONI 
VOO '" 0.5BVOSS, 10 - O.4A, RG - 9.1n 
- 
3.0 
10 
ns 


Rise Time 
tr 
See Figure 17. (MOSFET switching 
times 
- 
10 
20 
ns 


Turn-Off 
Delay Time 
'd(OFFI 
are essentially independent 
of operating 
- 
5.0 
10 
temperature) 
ns 


Fall Time 
tf 
- 
8.0 
15 
ns 


Total Gate Charge 
Og 
VGS - 1OV,10 - O.4A, VOS - 0.8 Max 
- 
6.0 
7.5 
nC 
(Gate-Source 
+ Gate-Drain) 
Rating. See Figure 18 for test circuit 


Gate-Source 
Charge 
Oos 
(Gate charge is essentially independent 
of 
- 
3.0 
- 
nC 


Gate-Drain 
("Miller") 
Charge 
Ood 
operating temperature.) 
- 
3.0 
- 
nC 
Internal Drain Inductance 
LO 
Measured from 
Modified MOSFET 
- 
4.0 
- 
nH 
the drain lead, 
symbol showing the 
2.0mm (0.08 in.) 
internal device 
from package 
'"~ 


to center of 
die. 


Internal Source Inductance 
LS 
Measured from the 
- 
6.0 
- 
nH 
source lead, 2.0mm 
G 
I 


(0.08") from 
LS 
package to source 
bonding pad. 
S 


Junction-to-Ambient 
ROJA 
Free air operation 
- 
- 
120 
°CIW 


Continuous 
Source Current 
IS 
Modified MOSFET 


~ 


- 
- 
0.4 
A 
(Body Diode) 
symbol showing the 


Pulse Source Current 
ISM 
integral reverse 
- 
- 
1.6 
A 
(Body Diode) (Note 3) 
P-N junco rectifier. 


Diode Forward Voltage (Note 2) 
VSO 
TJ - +250C,IS 
-1.6A, 
VGS - OV 
- 
- 
1.6 
V 
Reverse Recovery Time 
trr 
TJ - + 1500C, IF - 1.6A, dlF/dt - 1OON~s 
- 
380 
ns 
Reverse Recovered Charge 
ORR 
TJ - +1500C, 
IF - 1.6A, dlF/dt - 1OOAl~s 
- 
2.7 
- 
liC 
Forward Turn-on 
Time 
tON 
Intrinsic turn-on 
time is negligible. Turn-on 
- 
- 
- 
speed is SUbstantially controlled 
by LS + LO' 


NOTES: 


1. TJ = +2S0C 
10 +1S00C 


2. Pulse Test: 
Pulse width.5 
300~s. 


Duty Cycle.$. 
2% 


3. Repetitive Rating: Pulse width limited by max. 
junction 
temperature. 
See Transient 
Thermal 
Impedance 
Curve (Figure 5). 


4. VDD = 40V. slarting 
TJ = +2SoC. 


L = 44.89mH, 
RGS = son, 
IpEAK = 1.4A. 


(See Figure 15.) 


~ 
...... 
...... 
zm 
ZCl 
ce::IE 
::Ca: 
u ••• 
1:1: 
ZCl~ 


2.20 


1.98 


1.76i 
1.54 


••:!. 
1.32 
~ 
z~ 
1.10 
~ 
=> 
uz 
0.88 
~ 0.66 
E 


0.44 


0.22 


-1~ 
.L.PULlE TEs! 


I 


Ves 
'" 6V 


IV 


i 
I 
'v 
o 


o 
ro 
w 
ro 
w 


VOS, ORAIN·1O·S0URCE VOL1AGE IVOL1SI 


Fig. 1 - 
Typical 
Output 
Characteristics 
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Fig. 5 - 
Typical 
Transconductance 
Vs. Drain Current 
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Features 


• O.5A and O.4A, 350V - 400V 


• rDS(on) = 1.aO and 2.50 


• Single Pulse Avalanche Energy Rated* 


• SOA is Power-Dissipation 
Limited 


• Nanosecond Switching Speeds 


• Linear Transfer Characteristics 


• High Input Impedance 


Description 


The 
IRFD320, 
IRFD332, 
IRFD322, 
and 
IRFD323 
are 
n-channel enhancement-mode silicon-gate power field-effect 
transistors. IRFD320R, IRFD332R, IRFD322R,and IRFD323R 
types are advanced power MOSFETs designed, tested, and 
guaranteed to withstand a specified level of energy in the 
breakdown avalanche mode of operation. All of these power 
MOSFETs are designed for applications such as switching 
regulators, switching converters, motor drivers, relay drivers, 
and drivers for 
high-power 
bipolar 
switching transistors 
requiring high speed and low gate-drive power. These types 
can be operated directly from integrated circuits. 


The IRFD types are supplied in the 4-pin dual-in-line plastic 
package. 


IRFD320/321/322/323 
IRFD320R/321R/322R/323R 


N-Channel Power MOSFETs 
Avalanche Energy Rated* 


4-PIN DIP 
TOP VIEWO 


SOURCE 


DRAIN 


GATE 


Terminal Diagram 


N-CHANNEL 
ENHANCEMENT 
MODE 


Drain-Source Voltage (1) ................•........... 
VDS 
Drain-Gate Voltage (RGS = 20kl1) (1) 
VDGR 
Continuous Drain Current 
TC = +250C 
....••...••..••••....•••..•.....••.••.• 
ID 
Pulsed Drain Current (3) •.......•..................... 
IDM 
Gate-Source Voltage 
...................••..•.•..•.. 
VGS 
Maximum Power Dissipation 
TC = +250C (See Figure 13) ....•.................... 
PD 
Unear Derating Factor (See Figure 13) 
. 


Inductive Current, Clamped .•......................... 
ILM 
(See Figure 14, L = 1OO~H) 
Single Pulse Avalanche Energy Rating (4) ...•.......... 
Eas' 
Operating and Storage Junction 
TJ, TSTG 
Temperature Range 
Maximum Lead Temperature for Soldering ....•.......... 
TL 
(0.063" (1.6mm) from case for 1Os) 


NOTES: 


1. TJ = +2SoC 
to +1S00C. 


2. Pulse Test: 
Pulse wklth 
~ 300jJ.s, Duty Cycle ~ 2%. 


IRFD320 
IRFD332 
IRFD322 
IRFD323 
IRFD320R 
IRFD332R 
IRFD322R 
IRFD323R 
UNITS 


400 
350 
400 
350 
V 
400 
350 
400 
350 
V 


0.5 
0.5 
0.4 
0.4 
A 
2.0 
2.0 
1.6 
1.6 
A 
±20 
±20 
±20 
±20 
V 


1.0 
1.0 
1.0 
1.0 
W 
0.008 
0.008 
0.008 
0.008 
WloC 
2.0 
2.0 
1.6 
1.6 
A 


100 
100 
100 
100 
mJ 
-55to+150 
-55to+150 
-55 to +150 
-55 to +150 
°c 


300 
300 
300 
300 
°c 


3. Repetitive Rating: Pulse width limited by maximum 
junction 
temperature. 
See Transient 
Thermal 
Impedance 
Curve (Figure 
5). 


4. VOO = 40V. startingTJ = +2SoC, 
L = 29.09mH, 
RGS- son, 


IpEAK = 2.SA. SeeFigur. 1S. 
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LIMITS 


CHARACTERISTIC 
SYMBOL 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Drain-Source 
Breakdown 
Voltage 
BVDSS 
VGS = OV, ID = 250flJ\ 
IRFD320/322,IRFD320R/322R 
400 
- 
- 
V 


IRFD321/323,IRFD321 
R/323R 
350 
- 
- 
V 


Gate Threshold Voltage 
VGSITH) 
VDS = VGS, ID = 250~A 
2.0 
- 
4.0 
V 


Gate-Source 
Leakage Forward 
IGSS 
VGS= 
20V 
- 
- 
500 
nA 


Gate-Source 
Leakage Reverse 
IGSS 
VGS--20V 
- 
- 
-500 
nA 


Zero Gate Voltage Drain Current 
IDSS 
VDS - Max Rating, VGS - OV 
- 
- 
250 
~A 


VDS = Max Rating x 0.8, VGS = OV, 
- 
- 
1000 
~A 
TC =+1250C 


On-State 
Drain Current (Note 2) 
ID(ON) 
VDS> 
ID(ON) x rDS(ON) Max, VGS = 10V 
IRFD320/321, 
IRFD320R/321 
R 
0.5 
- 
- 
A 


IRFD322/323,IRFD322R/323R 
0.4 
- 
- 
A 


Static Drain-Source 
On-State 
rDS(ON) 
VGS = 1OV,ID = 0.25A 
Resistance (Note 2) 
IRFD320/321, 
IRFD320R/321 
R 
- 
1.5 
1.8 
n 


IRFD322/323,IRFD322R/323R 
- 
1.8 
2.5 
n 


Forward Transconductance 
(Note 2) 
9fs 
VDS> 
IDION) x rDSION\ Max,ID - 0.25A 
1.0 
2.0 
- 
S(Ul 


Input Capacitance 
CISS 
VGS = OV,VDS = 25V, f = 1.0MHz 
- 
455 
- 
pF 


Output Capacitance 
COSS 
See Figure 10 
- 
100 
- 
pF 


Reverse Transfer Capacitance 
CRSS 
- 
20 
- 
pF 


Turn-On 
DelayTime 
tdlONl 
VDD '" 0.5BVDSS,ID 
- 0.5A, RG - 9.1n 
- 
20 
40 
ns 


RiseTime 
tr 
See Figure 16. (MOSFET sWitching times 
- 
25 
50 
ns 


Turn-Off 
Delay Time 
tdlOFFl 
are essentially independent 
of operating 
- 
50 
100 
temperature) 
ns 


Fall Time 
tf 
- 
25 
50 
ns 


Total Gate Charge 
Qg 
VGS = 1OV,ID = 0.5A, VDS = 0.8 Max 
- 
12 
15 
nC 
(Gate-Source 
+ Gate-Drain) 
Rating. See Figure 17 for test circuit 


Gate-Source 
Charge 
Qos 
(Gate charge is essentially independent 
of 
- 
6.0 
- 
nC 


Gate-Drain 
("Miller") 
Charge 
Qod 
operating temperature.) 
- 
6.0 
- 
nC 


Internal Drain Inductance 
LD 
Measured from 
Modified MOSFET 
- 
4.0 
- 
nH 
the drain lead, 
symbol showing the 
2.0mm (0.08 in.) 
internal 
device 
from package 
inductances. 


to center of 


~ 


die. 


Internal Source Inductance 
LS 
Measured from the 
- 
6.0 
- 
nH 
source lead, 2.0mm 
G 
I 


(0.08") from 
LS 
package to source 
bonding pad. 
S 


Junction-to-Ambient 
ROJA 
Free air operation 
- 
- 
120 
°C/W 


Continuous 
Source Current 
IS 
Modified MOSFET 


~ 


- 
- 
0.5 
A 
(Body Diode) 
symbol showing the 


Pulse Source Current 
ISM 
integral reverse 
- 
- 
2.0 
A 
(Body Diode) (Note 3) 
P-N junco rectifier. 


Diode Forward Voltage (Note 2) 
VSD 
TJ = +250C,IS 
= 2.0A, VGS = OV 
- 
- 
1.6 
V 


Reverse Recovery Time 
trr 
TJ - +1500C,IF 
- 2.0A, dlF/dt = 100A!~s 
- 
450 
- 
ns 
Reverse Recovered 
Charge 
QRR 
TJ - +1500C,IF 
- 2.0A, dlF/dt -100A!~s 
- 
3.1 
- 
~C 
Forward Turn-on 
Time 
tON 
Intrinsic turn-on 
time is negligible. Turn-on 
- 
- 
- 
- 
speed is substantially 
controlled 
by LS + LD' 


NOTES: 


1. TJ = +2SoC to +1S00C 


2. Pulse Test: 
Pulse width So 300J.ls, 
Duty Cycle ~ 2% 


3. Repetitive Rating: Pulse width limited by max. 
junction temperature. 
See Transient Thermal 
Impedance 
Curve (Figure 5). 


4. VDD = 40V, starting TJ = +2S0C, 


L = 29.09mH, Ras = son, IpEAK = 2.SA 
(See Figure 1S.) 
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IRFF110/111/112/113 


IRFF110R/111R/112R/113R 


N-Channel 
Power MOSFETs 


Avalanche 
Energy 
Rated* 


Features 


• 3.0A and 3.5A, SOV- 100V 


• rDS(on) = 0.60 and O.SO 


• Single Pulse Avalanche Energy Rated* 


• SOA is Power-Dissipation 
Limited 


• Nanosecond Switching Speeds 


• Linear Transfer Characteristics 


• High Input Impedance 
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BonOM 
VIEW 


SOUTIRCE. 
.GATE 
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(CASE) 


Description 


The 
IRFF110, 
IRFF111, 
IRFF112, 
and 
IRFF113 
are 
n-channel enhancement-mode silicon-gate power field-effect 
transistors. IRFF11OR, IRFF111R, IRFF112R, and IRFF113R 
types are advanced power MOSFETs designed, tested, and 
guaranteed to withstand a specified level of energy in the 
breakdown avalanche mode of operation. All of these power 
MOSFETs are designed for applications such as switching 
regulators, switching converters, motor drivers, relay drivers, 
and drivers for 
high-power 
bipolar switching transistors 
requiring high speed and low gate-drive power. These types 
can be operated directly from integrated circuits. 


The IRFF types are supplied in the JEDEC TO-205AF (Low 
Profile TO-39) metal package. 


Terminal Diagram 


N-CHANNEL 
ENHANCEMENT 
MODE 


IRFF110 
IRFF111 
IRFF112 
IRFF113 
IRFF110R 
IRFF111R 
IRFF112R 
IRFF113R 


Drain-Source Voltage (1) ....•....................... 
VDS 
100 
80 
100 
80 
Drain-Gate Voltage (RGS = 20kO) (1) ................ 
VOGR 
100 
80 
100 
80 


Continuous Drain Current 
TC = +2SoC ..••....•.......•........••............ 
10 
3.5 
3.5 
3.0 
3.0 
Pulsed Drain Current (3) .........•..........••.•...... 
10M 
14 
14 
12 
12 


Gate-Source Voltage 
.•............................. 
VGS 
±20 
±20 
±20 
±20 


Maximum Power Dissipation 
TC = +250C ••..•••...................•............ 
Po 
15 
15 
15 
15 
Unear Derating Factor .....•••.....•..................... 
0.12 
0.12 
0.12 
0.12 


Inductive Current, Clamped ........•.............••.•. 
ILM 
14 
14 
12 
12 
(See Figure 14, L = 1OOIlH) 
Single Pulse Avalanche Energy Rating (4) .............. 
Eas' 
19 
19 
19 
19 
Operating and Storage Junction ......•........... 
TJ, TSTG 
-55to+150 
-55to+150 
-55to+150 
-55 to +150 
Temperature Range 
Maximum Lead Temperature for Soldering ............... 
TL 
300 
300 
300 
300 
(0.063" (1.6mm) from case for 1Os) 


NOTES: 


1. TJ = +250C 
10 + 1500C. 


2. Pulse Tesl: 
Pulse widlh 
:5 300lls. 
Duly Cycle.:5 
2%. 


3. Repetitive 
Rating: 
Pulse 
width 
limited 
by max. junction 
temperature. 
See 
Transient 
Thermal 
Impedance 
Curve (Figure 
5). 


4. VDD = 5V. starling 
TJ = +250C. 
L = 2.3mH, 
RGS = 250. 


IpEAK = 3.5A. See Figure 
15. 


UNITS 


V 
V 


W 
WloC 
A 


LIMITS 


CHARACTERISTIC 
SYMBOL 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Orain-Source 
Breakdown 
Voltage 
BVOSS 
VGS = OV,IO = 2501JA 
IRFF11 0/112,IRFF11 
OR/112R 
100 
- 
- 
V 


IRFF111/113,IRFF111R/113R 
80 
- 
- 
V 


Gate Threshold Voltage 
VGSfTHl 
VOS = VGS, 10 = 250~A 
2.0 
- 
4.0 
V 


Gate-Source 
Leakage Forward 
IGSS 
VGS = 20V 
- 
- 
100 
nA 


Gate-Source 
Leakage Reverse 
IGSS 
VGS=-20V 
- 
- 
-100 
nA 


Zero Gate Voltage Orain Current 
lOSS 
VOS = Max Rating, VGS = OV 
- 
- 
250 
~A 


VOS = Max Rating x 0.8, VGS = OV, 
- 
- 
1000 
IJA 
TJ=+1250C 


On-State 
Orain Current (Note 2) 
10(ON) 
VOS> 
JO(ON) x rOS(ON) Max, VGS = 10V 
IRFF11 O/"',IRFF" 
OR/111 R 
3.5 
- 
- 
A 


IRFF112/113,IRFF112R/113R 
3.0 
- 
- 
A 


Static Orain-Source 
On-State 
rOS(ON) 
VGS = 10V,I0 
= 1.5A 
Resistance (Note 2) 
IRFF11 O/"',IRFF" 
OR/111 R 
- 
0.5 
0.6 
n 


IRFF112/113,IRFF112R/113R 
- 
0.6 
0.8 
n 


Forward Transconductance 
(Note 2) 
9fs 
VOS> 
10{ON) x rOS(ONl Max, 10 = 1.5A 
1.0 
1.5 
- 
Sm) 


Input Capacitance 
CISS 
VGS = OV,VOS = 25V, f = 1.0MHz 
- 
135 
- 
pF 


Output Capacitance 
COSS 
See Figure 10 
- 
80 
- 
pF 


Reverse Transfer Capacitance 
CRSS 
- 
20 
- 
pF 


Turn-On 
OelayTime 
td{ON) 
VOO '" 0.5BVOSS,10 
- 3.5A, RG - 9.1n 
- 
10 
20 
ns 


Rise Time 
tr 
See Figure 16. (MOSFET switching 
times 
- 
15 
25 
ns 


Turn-Off 
Oelay Time 
!d{OFF) 
are essentially independent 
of operating 
- 
15 
25 
temperature) 
ns 


Fall Time 
tf 
- 
10 
20 
ns 


Total Gate Charge 
Qg 
VGS -10V,10 
- 3.5A, VOS -0.8 
Max 
- 
5.0 
7.5 
nC 


(Gate-Source 
+ Gate-Orain) 
Rating. See Figure 17 for test circuit. 


Gate-Source 
Charge 
Qas 
(Gate charge is essentially independent 
of 
- 
2.0 
- 
nC 


Gate-Orain 
("Miller") 
Charge 
Qod 
operating temperature.) 
- 
3.0 
nC 
- 


Internal Orain Inductance 
Lo 
Measured from 
Modified MOSFET 
- 
5.0 
- 
nH 
the drain lead, 
symbol showing the 
5.0mm (0.2 in.) 
internal device 
from header 
inductances. 
to center of 


~ 


die. 


Internal Source Inductance 
LS 
Measured from the 
- 
15 
- 
nH 
source lead, 5.0mm 
G 
I 
(0.2") from 
LS 
header to source 
bonding pad. 
S 


Junction-ta-Case 
ROJC 
- 
- 
8.33 
°C/W 


Junction-ta-Ambient 
ROJA 
Free air operation 
- 
- 
175 
°C/W 


Continuous 
Source Current 
IS 
Modified MOSFET 


~ 


- 
- 
3.5 
A 


(Body Oiode) 
symbol showing the 


Pulse Source Current 
ISM 
integral reverse 
- 
- 
14 
A 
(Body Oiode) (Note 3) 
P-N junco rectifier. 


Oiode Forward Voltage (Note 2) 
VSO 
TJ - +250C,IS 
- 3.5A, VGS - OV 
- 
- 
2.5 
V 
Reverse Recovery Time 
trr 
TJ - +1500C,IF 
- 3.5A, dlF/dt -100N~s 
- 
200 
- 
ns 
Reverse Recovered 
Charge 
QRR 
TJ - +1500C,IF 
- 3.5A, dlF/dt -100N~s 
- 
1.0 
- 
~C 
Forward Turn-on 
Time 
tON 
Intrinsic turn-on 
time is negligible. Turn-on 
- 
- 
- 
- 
speed is substantially 
controlled 
by LS + LO' 


NOTES: 
1. TJ = +2SoC 
to +1S00C 


2. Pulse Test: 
Pulse width ~ 300).15. 


Duly Cycle =' 2% 


3. Repetitive Rating: Pulse width limited by max. 


junction temperature. 
See Transient Thermal 
Impedance 
Curve (Figure 5). 


4. VDD = SV, starting 
TJ = +2SoC, 


L = 2.3mH, Ras = 2S0, 
IPEAK = 3.SA. (See 


Figure 15.) 
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mHARRIS 
'RFF120/121/122/123 
'RFF120R/121R/122R/123R 


N-Channel 
Power MOSFETs 


Avalanche 
Energy 
Rated* 


Features 


• S.OA and 
6.0A, 
SOV - 100V 


• rDS(on) 
= 0.300 
and 
0.400 


• Single 
Pulse 
Avalanche 
Energy 
Rated· 


• SOA 
is Power-Dissipation 
Limited 


• Nanosecond 
Switching 
Speeds 


• Linear 
Transfer 
Characteristics 


SOUTIRCE 
0 
GATE 


DRAIN 
(CASE) 


Description 


The 
IRFF120, 
IRFF121, 
IRFF122, 
and 
IRFF123 
are 
n-channel 
enhancement-mode 
silicon-gate 
power 
field-effect 
transistors. 
IRFF120R, 
IRFF121 R, IRFF122R, 
and 
IRFF123R 
types 
are advanced 
power 
MOSFETs 
designed, 
tested, 
and 
guaranteed 
to 
withstand 
a specified 
level 
of 
energy 
in the 
breakdown 
avalanche 
mode 
of operation. 
All of these 
power 
MOSFETs 
are 
designed 
for 
applications 
such 
as switching 
regulators, 
switching 
converters, 
motor 
drivers, 
relay 
drivers, 


and 
drivers 
for 
high-power 
bipolar 
switching 
transistors 
requiring 
high 
speed 
and 
low gate-drive 
power. 
These 
types 
can be operated 
directly 
from 
integrated 
circuits. 


The 
IRFF types 
are supplied 
in the JEDEC 
TO-205AF 
(Low 
Profile 
TO-39) 
metal 
package. 


Terminal Diagram 


N-CHANNEL 
ENHANCEMENT 
MODE 


IRFF120 
IRFF121 
IRFF122 
IRFF123 
IRFF120R 
IRFF121R 
IRFF122R 
IRFF123R 


Drain-Source Voltage (1) ..............•............. 
VDS 
100 
80 
100 
80 


Drain-Gate Voltage (RGS = 20kO) (1) ................ 
VDGR 
100 
80 
100 
80 


Continuous Drain Current 
TC = +250C ....................................... 
10 
6.0 
6.0 
5.0 
5.0 


Pulsed Drain Current (3) .............................. 
IDM 
24 
24 
20 
20 


Gate-Source Voltage 
......................•........ 
VGS 
±20 
±20 
±20 
±20 
Maximum Power Dissipation 
TC = +250C ............................•.......... 
PD 
20 
20 
20 
20 


Linear Derating Factor ................................... 
0.16 
0.16 
0.16 
0.16 
Inductive Current, Clamped ........................... 
ILM 
24 
24 
20 
20 
(See Figure 14, L = 1OO~H) 
Single Pulse Avalanche Energy Rating (4) .............. 
Eas• 
36 
36 
36 
36 
Operating and Storage Junction .................. 
TJ, TSTG 
-55to+150 
-55to+150 
-55 to +150 
-55 to +150 


Temperature Range 
Maxim urn Lead Temperature for Soldering ............... 
TL 
300 
300 
300 
300 


(0.063" (1.6mm) from case for 10s) 


NOTES: 


1. TJ = +250C 
to + 1500C. 


2. Pulse Test: 
Pulse width .$ 300us, Duty Cycle S. 2%. 


3. Repetitive 
Rating: 
Pulse width 
limited 
by max. junction 
temperature. 
See 
Transient 
Thermal 
Impedance 
Curve (Figure 
5). 


4. VDD = 25V. starting TJ = +250C, 
L = 1.5mH. RGS = 250, 


IpEAK = 6.DA. See Figure 15. 


UNITS 


V 
V 


W 
WloC 


A 


~ 
........ 
••.• u.. 
ZCl> 
zc> 
ce:E 
:Z:a: 
u ••.• 
'~ 
z~ 


LIMITS 


CHARACTERISTIC 
SYMBOL 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Drain-Source 
Breakdown 
Voltage 
BVOSS 
VGS = OV, 10 = 250flA 
IRFF120/122,IRFF120R/122R 
100 
- 
- 
V 


IRFF121/123, 
IRFF121 R/123R 
80 
- 
- 
V 


Gate Threshold Voltage 
VGSfTHl 
VOS = VGS, 10 = 250flA 
2.0 
- 
4.0 
V 


Gate-Source 
Leakage Forward 
IGSS 
VGS=20V 
- 
- 
100 
nA 


Gate-Source 
Leakage Reverse 
IGSS 
VGS--20V 
- 
- 
-100 
nA 


Zero Gate Voltage Orain Current 
lOSS 
VOS - Max Rating, VGS - OV 
- 
- 
250 
~A 


VOS - Max Rating x 0.8, VGS - OV, 
- 
- 
1000 
~A 
TC=+1250C 


On-State 
Drain Current (Note 2) 
10(ON) 
VOS> 
10(ON) x rDS(ON) Max, VGS = 10V 
IRFF120/121, 
IRFF120R/121 
R 
6.0 
- 
- 
A 


IRFF122/123,IRFF122R/123R 
5.0 
- 
- 
A 


Static Orain-Source 
On-State 
rDS(ON) 
VGS - 1OV,ID - 3.0A 
Resistance (Note 2) 
IRFF120/121, 
IRFF120R/121 
R 
- 
0.25 
0.30 
n 


IRFF122/123,IRFF122R/123R 
- 
0.30 
0.40 
n 


Forward Transconductance 
(Note 2) 
9fs 
VDS> 
10lONl x rOSlONl Max, 10 - 3.0A 
1.5 
2.9 
- 
S(m 


Input Capacitance 
CISS 
VGS - OV,VDS - 25V, f - 1.0MHz 
- 
450 
- 
pF 


Output Capacitance 
COSS 
See Figure 10 
- 
20 
- 
pF 


Reverse Transfer Capacitance 
CRSS 
- 
50 
- 
pF 


Turn-On 
OelayTime 
tdlONl 
VOD '" 0.5BVDSS, 10 - 6.0A, RG - 9.1n 
- 
20 
40 
ns 
RiseTime 
tr 
See Figure 16. (MOSFET switching times 
- 
37 
70 
ns 


Turn-Off 
OelayTime 
!dIOFFl 
are essentially independent 
of operating 
- 
50 
100 
temperature) 
ns 
Fall Time 
tf 
- 
35 
70 
ns 


Total Gate Charge 
Og 
VGS - 1OV,ID - 6.0A, VDS - 0.8 Max 
- 
10 
15 
nC 
(Gate-Source 
+ Gate-Orain) 
Rating. See Figure 17 for test circuil. 


Gate-Source 
Charge 
Oas 
(Gate charge is essentially independent 
of 
- 
6.0 
- 
nC 


Gate-Orain 
("Miller") 
Charge 
Oqd 
operating temperature.) 
- 
4.0 
- 
nC 
Internal Orain Inductance 
LD 
Measured from 
Modified MOSFET 
- 
5.0 
- 
nH 
the drain lead, 
symbol showing the 
5.0mm (0.2 in.) 
internal device 
from header 
inductances. 


to center of 


~ 


die. 


Internal Source Inductance 
LS 
Measured from the 
- 
15 
- 
nH 
source lead, 5.0mm 
G 
I 
(0.2") from 
LS 
header to source 
bonding pad. 
S 


Junction-to-Case 
ROJC 
- 
- 
6.25 
°CIW 
Junction-to-Ambient 
ROJA 
Free air operation 
- 
- 
175 
°CIW 


Continuous 
Source Current 
IS 
Modified MOSFET 


~ 


- 
- 
6.0 
A 
(Body Oiode) 
symbol showing the 


Pulse Source Current 
ISM 
integral reverse 
- 
- 
24 
A 
(Body Diode) (Note 3) 
P-N junco rectifier. 


Diode Forward Voltage (Note 2) 
VSD 
TJ - +250C, IS - 6.0A, VGS = OV 
- 
- 
2.5 
V 
Reverse Recovery Time 
trr 
TJ - +1500C, 
IF - 6.0A, dlF/dt -100A/~s 
- 
230 
- 
ns 
Reverse Recovered Charge 
°RR 
TJ - +1500C, 
IF - 6.0A, dlF/dt -100N~s 
- 
1.0 
- 
~C 
Forward Turn-on 
Time 
tON 
Intrinsic turn-on 
time is negligible. Turn-on 
- 
- 
- 
- 
speed is substantially 
controlled 
by LS + LO. 


NOTES: 
1. TJ ~ +250C 
to +1500C 


2. Pulse Test: 
Pulse width S. 300jJs, 
Duty Cycle 5.2% 


3. Repetitive Rating: Pulse width limited by max. 


junction temperature. 
See Transient Thermal 


Impedance 
Curve (Figure 5). 


4. Voo = 5V, starting 
TJ = +2SoC. 


L = 1.5mH. RGS = 250. IpEAK = 6.0A. (See 
Figure 15.) 
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:I) HARRIS 
'RFF130/131/132/133 
'RFF130R/131R/132R/133R 


N-Channel 
Power MOSFETs 


Avalanche 
Energy Rated* 


Features 


• 7.0A 
and 
8.0A, 
80V 
- 100V 


• rDS(on) 
= 0.1811 
and 
0.2511 


• Single 
Pulse 
Avalanche 
Energy 
Rated' 


• SOA 
is Power-Dissipation 
Limited 


• Nanosecond 
Switching 
Speeds 


• Linear 
Transfer 
Characteristics 


SOUTIRCE . 
."ATE 


DRAIN 
(CASE) 


Description 


The 
IRFF130, 
IRFF131, 
IRFF132, 
and 
IRFF133 
are 
n-channel 
enhancement-mode 
silicon-gate 
power 
field-effect 
transistors. 
IRFF130R, 
IRFF131R, 
IRFF132R, 
and 
IRFF133R 
types 
are 
advanced 
power 
MOSFETs 
designed, 
tested, 
and 
guaranteed 
to 
withstand 
a specified 
level 
of 
energy 
in 
the 
breakdown 
avalanche 
mode 
of operation. 
All 
of these 
power 
MOSFETs 
are 
designed 
for 
applications 
such 
as 
switching 
regulators, 
switching 
converters, 
motor 
drivers, 
relay 
drivers, 


and 
drivers 
for 
high-power 
bipolar 
switching 
transistors 
requiring 
high 
speed 
and 
low 
gate-drive 
power. 
These 
types 
can 
be operated 
directly 
from 
integrated 
circuits. 


Terminal Diagram 


N-CHANNEL 
ENHANCEMENT 
MODE 


The 
IRFF 
types 
are 
supplied 
in the 
JEDEC 
TO-205AF 
(Low 
Profile 
TO-39) 
metal 
package. 


IRFF130 
IRFF131 
IRFF132 
IRFF133 


IRFF130R 
IRFF131R 
IRFF132R 
IRFF133R 


Drain-Source 
Voltage (1) ............................ 
VOS 
100 
80 
100 
80 


Drain-Gate 
Voltage (RGS = 20kO) (1) ................ 
VOGR 
100 
80 
100 
80 


Continuous 
Drain Current 
TC = +250C 
....................................... 
10 
8.0 
8.0 
7.0 
7.0 


Pulsed Drain Current (3) .................•............ 
10M 
32 
32 
28 
28 


Gate-Source 
Voltage 
............................... 
VGS 
±20 
±20 
±20 
±20 


Maximum Power Dissipation 
TC = +250C 
....................................... 
Po 
25 
25 
25 
25 


Linear Derating Factor ................................... 
0.2 
0.2 
0.2 
0.2 


Inductive Current, Clamped 
........................... 
ILM 
32 
32 
28 
28 


(See Figure 14, L = 1OO~H) 
Single Pulse Avalanche Energy Rating (4) .....•........ 
Eas' 
69 
69 
69 
69 


Operating 
and Storage Junction 
.................. 
TJ, TSTG 
-55to 
+150 
-55to+150 
-55 to +150 
-55to+150 


Temperature 
Range 
Maximum Lead Temperature 
for Soldering 
.......... 
" ... 
TL 
300 
300 
300 
300 
(0.063" (1.6mm) from case for 10s) 


NOTES: 


1. TJ 
Z +2SoC to +lS00C. 


2. Pulse Test: 
Pulse width 
S 300~s. Duty Cycle S 2%. 


3. Repetitive Rating: Pulse width limited by max. junction temperature. 
See 
Transient Thermal 
Impedance 
Curve (Figure 5). 


UNITS 


V 
V 


W 
WloC 


A 


LIMITS 


CHARACTERISTIC 
SYMBOL 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Drain-Source 
Breakdown Voltage 
BVDSS 
VGS = OV,lo = 2501JA 
IRFF130/132,IRFF130R/132R 
100 
- 
- 
V 


IRFF131/133,IRFF131R/133R 
80 
- 
- 
V 


Gate Threshold Voltage 
VGSfTHI 
VOS - VGS, 10 - 250~A 
2.0 
- 
4.0 
V 


Gate-Source Leakage Forward 
IGSS 
VGS-20V 
- 
- 
100 
nA 


Gate-Source Leakage Reverse 
IGSS 
VGS--20V 
- 
- 
-100 
nA 


Zero Gate Voltage Drain Current 
lOSS 
VDS = Max Rating, VGS - OV 
- 
- 
250 
~A 


VOS = Max Rating x 0.8, VGS = OV, 
- 
- 
1000 
~A 
TC=+1250C 


On-State Orain Current (Note 2) 
10(ON) 
VOS> 10(ON) x rOS(ON) Max, VGS = 10V 
IRFF130/131,IRFF130R/131 
R 
8.0 
- 
- 
A 


IRFF132/133,IRFF132R/133R 
7.0 
- 
- 
A 


Static Orain-Source On-State 
rDS(ON) 
VGS - 1OV,IO - 4.0A 
Resistance (Note 2) 
IRFF130/131,IRFF130R/131R 
- 
0.14 
0.18 
n 


IRFF132/133,IRFF132R/133R 
- 
0.20 
0.25 
n 
Forward Transconductance 
(Note 2) 
9fs 
VOS> 10lONl x rOSIONI Max,IO - 4.0A 
4.0 
5.5 
- 
Sm) 
Input Capacitance 
CISS 
VGS - OV,VOS - 25V, f - 1.0MHz 
- 
600 
- 
pF 


Output Capacitance 
COSS 
See Figure 10 
- 
300 
- 
pF 


Reverse Transfer Capacitance 
CRSS 
- 
100 
- 
pF 


Turn-On Oelay Time 
tdlONl 
VOO '" 0.5BVOSS, 10= 8.0A, RG = 9.1n 
- 
30 
50 
ns 
RiseTime 
tr 
See Figure 16. (MOSFET switching times 
- 
80 
150 
ns 
Turn-Off OelayTime 
!d(OFFI 
are essentially independent of operating 
- 
50 
100 
temperature) 
ns 
Fall Time 
tf 
- 
80 
150 
ns 


Total Gate Charge 
Og 
VGS = lOV,lO = 8.0A, VOS = 0.8 Max 
- 
18 
30 
nC 
(Gate-Source + Gate-Drain) 
Rating. See Figure 17 for test circuil. 


Gate-Source Charge 
Oas 
(Gate charge is essentially independent of 
- 
9.0 
- 
nC 


Gate-Orain ("Miller") Charge 
Oad 
operating temperature.) 
- 
9.0 
- 
nC 
Internal Orain Inductance 
LO 
Measured from 
Modified MOSFET 
- 
5.0 
- 
nH 
the drain lead, 
symbol showing the 
5.0mm (0.2 in.) 
internal device 
from header 
inductances. 


to center of 


~ 


die. 


Internal Source Inductance 
LS 
Measured from the 
- 
15 
- 
nH 
source lead, 5.0mm 
G 
I 
(0.2") from 
LS 
header to source 
bonding pad. 
S 


Junction-to-Case 
RaJC 
- 
- 
5.0 
°C/W 
Junction-to-Ambient 
RaJA 
Free air operation 
- 
- 
175 
°c/w 


Continuous Source Current 
IS 
Modified MOSFET 


~ 


- 
- 
8.0 
A 
(Body Diode) 
symbol showing the 


Pulse Source Current 
ISM 
integral reverse 
- 
- 
32 
A 
(Body Diode) (Note 3) 
P-N juncorectifier. 


Diode Forward Voltage (Note 2) 
VSD 
TJ = +250C,IS = 8.0A, VGS = OV 
- 
- 
2.5 
V 
Reverse Recovery Time 
trr 
TJ - +1500C,IF 
- 8.0A, dIF/dt-1 
OOA/~s 
- 
300 
- 
ns 
Reverse Recovered Charge 
°RR 
TJ - +1500C,IF = 8.0A, dIF/dt-1 
OOA/~s 
- 
1.5 
- 
~C 
Forward Turn-on Time 
tON 
Intrinsic turn-on time is negligible. Turn-on 
- 
- 
- 
- 
speed is substantially controlled by LS + LO. 


NOTES: 
1. TJ = +2SoC 
to +1S00C 


2. Pulse Test: 
Pulse width 
:S.300~s, 
Duty Cycle ~ 2% 


3. Repetitive Rating: Pulse width limited by max. 


junction temperature. 
See Transient Thermal 


Impedance 
Curve (Figure 5). 


4, VDD = 2SV, starting TJ = +2SoC, 
L = 1.62mH, RGS = 2S0, 
IpEAK = B.OA. 


(See Figure 15.) 
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mHARRIS 
'RFF210/211/212/213 


'RFF210R/211R/212R/213R 


N-Channel Power MOSFETs 


Avalanche Energy Rated* 


Features 


• 1.8A and 2.2A, 150V - 200V 


• rDS(on) = 1.50 and 2.40 


• Single Pulse Avalanche Energy Rated* 


• SOA is Power-Dissipation 
Limited 


• Nanosecond Switching Speeds 


• Linear Transfer Characteristics 


• High Input Impedance 


TO-205AF 
sonOM 
VIEW 


SOUTIRCE 
0 
GATE 


o 
0 


DRAIN 
(CASE) 


Description 


The 
IRFF210, 
IRFF211, 
IRFF212, 
and 
IRFF213 
are 
n-channel enhancement-mode silicon-gate power field-effect 
transistors. IRFF210R, IRFF211R, IRFF212R,and IRFF213R 
types are advanced power MOSFETs designed, tested, and 
guaranteed to withstand a specified level of energy in the 
breakdown avalanche mode of operation. All of these power 
MOSFETs are designed for applications such as switching 
regulators, switching converters, motor drivers, relay drivers, 
and drivers for 
high-power 
bipolar switching transistors 


requiring high speed and low gate-drive power. These types 
can be operated directly from integrated circuits. 


The IRFF types are supplied in the JEDEC TO-205AF (Low 
Profile TO-39) metal package. 


Terminal Diagram 


N-CHANNEL 
ENHANCEMENT 
MODE 


IRFF210 
IRFF211 
IRFF212 
IRFF213 


IRFF210R 
IRFF211R 
IRFF212R 
IRFF213R 
UNITS 


Drain-Source Voltage (1) ............................ 
VDS 
200 
150 
200 
150 
V 


Drain-Gate Voltage (RGS = 20kO) (1) ................ 
VDGR 
200 
150 
200 
150 
V 
Continuous Drain Current 
TC = +250C ......................••............... 
10 
2.2 
2.2 
1.8 
1.8 
A 
Pulsed Drain Current (3) ...••......................... 
10M 
9.0 
9.0 
7.5 
7.5 
A 
Gate-Source Vo"age 
.............•................. 
VGS 
±20 
±20 
±20 
±20 
V 
Maximum Power Dissipation 
TC = +250C ...........................•.•••••..... 
Po 
15 
15 
15 
15 
W 
Unear Derating Factor ...................•••.•••......... 
0.12 
0.12 
0.12 
0.12 
W/oC 


Inductive Current, Clamped ..............•..••........ 
ILM 
9.0 
9.0 
7.5 
7.5 
A 
(See Figure 14, L = 1OO~H) 
Single Pulse Avalanche Energy Rating (4) .............. 
Eas' 
30 
30 
30 
30 
mJ 
Operating and Storage Junction .................. 
TJ, TSTG 
-55to 
+150 
-55 to +150 
-55 to +150 
-55 to +150 
°C 
Temperature Range 
Maximum Lead Temperature for Soldering ............... 
TL 
300 
300 
300 
300 
°C 
(0.063" (1.6mm) from case for 10s) 


NOTES: 


1. TJ = +2SoC to + 1S00C. 


2. Pulse Test: 
Pulse width 
::: 300~s, Duty Cycle::: 
2%. 


3. Repetitive 
Rating: 
Pulse width 
limited 
by max. junction 
temperature. 
See 


Transient 
Thermal 
Impedance 
Curve (Figure 
5). 


4. VDD = 20V, starting TJ = +2SoC. L = 11.16mH. 
RGS = son, 
IpEAK = 2.2A. See Figure 1S. 
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LIMITS 


CHARACTERISTIC 
SYMBOL 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Drain-Source 
Breakdown 
Voltage 
BVOSS 
VGS = OV,10 = 250lJA 
IRFF210/212,IRFF210R/212R 
200 
- 
- 
V 


IRFF211/213,IRFF211R/213R 
150 
- 
- 
V 


Gate Threshold Voltage 
VGSITH\ 
VDS = VGS, ID = 250~A 
2.0 
- 
4.0 
V 


Gate-Source 
Leakage Forward 
IGSS 
VGS= 
20V 
- 
- 
100 
nA 


Gate-Source 
Leakage Reverse 
IGSS 
VGS=-20V 
- 
- 
-100 
nA 


Zero Gate Voltage Drain Current 
lOSS 
VOS = Max Rating, VGS - OV 
- 
- 
250 
~A 


VDS = Max Rating x 0.8, VGS = OV, 
- 
- 
1000 
lJA 
TC=+1250C 


On-State 
Drain Current (Note 2) 
ID(ON) 
VDS> 
10(ON) x rOS(ON) Max, VGS = 10V 
IRFF210/211,IRFF21 
OR/211 R 
2.2 
- 
- 
A 


IRFF212/213,IRFF212R/213R 
1.8 
- 
- 
A 


Static Drain-Source 
On-State 
rDS(ON) 
VGS= 
10V,I0 
= 1.25A 
Resistance (Note 2) 
IRFF210/211,IRFF21 
OR/211 R 
- 
1.0 
1.5 
n 


IRFF212/213,IRFF212R/213R 
- 
1.5 
2.4 
n 


Forward Transconductance 
(Note 2) 
9fs 
VOS> 
loraN) 
x rOSION) Max' 10 - 1.25A 
0.8 
1.3 
- 
Sm) 


Input Capacitance 
CISS 
VGS - OV,VDS - 25V, f - 1.0MHz 
- 
135 
- 
pF 


Output Capacitance 
COSS 
See Figure 10 
- 
60 
- 
pF 


Reverse Transfer Capacitance 
CRSS 
- 
16 
- 
pF 


Turn-On 
DelayTime 
tdlON) 
VOD'" 
0.5BVOSS,10 
- 2.2A, RG - 9.1n 
- 
8.0 
15 
ns 


Rise Time 
tr 
See Figure 16. (MOSFET switching times 
- 
15 
25 
ns 


Turn-Off 
Delay Time 
!dIOFF\ 
are essentially independent 
of operating 
- 
10 
15 
temperature) 
ns 


Fall Time 
tf 
- 
8.0 
15 
ns 


Total Gate Charge 
Og 
VGS = 1OV,IO - 2.2A, VOS - 0.8 Max 
- 
5.0 
7.5 
nC 
(Gate-Source 
+ Gate-Drain) 
Rating. See Figure 17 for test circuit. 


Gate-Source 
Charge 
Oos 
(Gate charge is essentially independent 
of 
- 
2.0 
- 
nC 


Gate-Drain 
("Miller") 
Charge 
Oed 
operating temperature.) 
3.0 
nC 
- 
- 
Internal Drain Inductance 
LO 
Measured from 
Modified MOSFET 
- 
5.0 
- 
nH 
the drain lead, 
symbol showing the 
5.0mm (0.2 in.) 
internal device 
from header 
inductances. 


to center of 


~ 


die. 


Internal Source Inductance 
LS 
Measured from the 
- 
15 
- 
nH 
source lead, 5.0mm 
(0.2") from 
LS 
header to source 
bonding pad. 
S 


Junction-ta-Case 
ROJC 
- 
- 
8.33 
°CIW 
Junction-ta-Ambient 
ROJA 
Free air operation 
- 
- 
175 
°CIW 


Continuous 
Source Current 
IS 
Modified MOSFET 


~ 


- 
- 
2.2 
A 
(Body Diode) 
symbol showing the 
I 
Pulse Source Current 
ISM 
integral reverse 
- 
- 
9.0 
A 
(Body Diode) (Note 3) 
P-N junco rectifier. 


Diode Forward Voltage (Note 2) 
VSO 
TJ = +250C, IS = 2.2A, VGS = OV 
- 
- 
2.0 
V 
Reverse Recovery Time 
t" 
TJ - +1500C,IF 
- 2.2A,dIF/dt 
-100N~s 
- 
290 
- 
ns 
Reverse Recovered Charge 
°RR 
TJ - +1 500C, IF = 2.2A, dlF/dt = 1OON~s 
- 
2.0 
- 
~C 
Forward Turn-on 
Time 
tON 
Intrinsic turn-on time is negligible. Turn-on 
- 
- 
- 
- 
speed is substantially 
controlled 
by LS + LO' 


NOTES: 
1. TJ = +250C to +1500C 


2. Pulse Test: 
Pulse width < 300~s, 
Duty Cycle < 2% 


3. Repetitive Rating: Pulse width limited by max. 


junction temperature. 
See Transient Thermal 
Impedance 
Curve (Figure 5). 


4. VDD = 20V, starting TJ = +250C, 
L = 11.16mH, Ras = 500, 
IpEAK = 2.2A. 


(See Figure 15.) 


s.o 


H 


4.0 


~ 
3.S 
,.~ 3.0 
~i 


2.S 


z 
2.0 
~ I.S 
!? 


1.0 


O.S 


loVI;:, 9V 
~L'U!""~T 
8V - 


I 
t-- 
VGS'IV- 


6,-- 


st-- 
.t_- 


s.o 


4.0 
~~,.~ 3.0 
~ 
z~~ 
:> 
u 
2.0 
z 
~ 
!? 


1.0 


I 
J 
TJ 
z usoe 


~ 
1/ 
I 


TJ: 
25°C 


~ 
, 


TJ z -S50C 
...•.. 


- 
10r 'Ul~£ 
TEST. 
I 
Ii 
Vos> IOtonlll 
ROSlon) max. I! 


IJ 
l// 
~ 


I 


III 
I I 
I I I II 
OPERATION 
IN THIS 
AREA 
~k,o, " 
IS LIMITED BY ROSlon) 


210R,lR 
~e~; 


212, 
3J2.'2R; 
3 
F--- 


"" 


10~s 


2,b, \/2"0~~'IR 


100~s 


212••3/~'2R. 
3R 
I'\. 


1 m, 


I- 
TC = 250C 
10m 
r- 
TJ" 
1500C MAX. 


>- 
R1hJC = 8.33 KIW 
3R" 
100 ms 
= 
SINGLE 
PULSE 
_21',3/211R, 


210, 
2/21 OR. 2R 
OC$ 


I. DUTY FACTOR. []" :L 
12 


2. PER UNIT 
BASE" 
RII\JC 
Z 8.33 DEG. ctw. 


3. TJM - TC " POM ZlhJCIt). 


{!! 
•.••w 
w ••.• 
z." 
ZO 
<:E 
~ffi 
':it 
Zo 
D.. 


!~ 
2.' 
§ 


u 
2.' 
z..I 


2.0 


1.6 


~ 
1.2 
~ 
0.' 


0.' 


TJ· -55°C 


..••..- 
TJ 


1 


, 
25'C 


I 
./ 
/ ..••..- 


TJ 


1 
, 
'25. 
I 
C 


I-0..-- 
1/ 


" 


TJ :11500C 


TJ .125•C 


I' 
I 


./ i-"" 


",.. " 


..•.•....•... 


/" 


....•... 
V 


,/ 
/ 
/ 
/ 
/' 
,;v 
/ 
~ V 
VGS·10V 
,; 
10 
12!lA 


1 
1 


"8 


~ 
0.6 


500 


'00 


- 300 
uz~ 
§ 200 
u 


100 


I 
Jw 0' 


I 
'I'MH,' 
I 
I 


Cia· 
CIII• Ced. CdsSHORTED - 


C,. 
• Ctd 


COll·Cdl.~ 
- 
II' 
•• 


-Cdl. 
Cgd 
- 


I 
\ 
I 
, 
.1 
C," 


\ "- 
I 
\ -~ 
- 
C," 


10 
20 
30 
40 


Vo$. 
oRAIN·To·SoURCE 
VOLTAGE 
IVol 
TSI 


Fig. 10 - Typical capacitance vs. drain-to-source 
voltage. 
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Fig. 11 - Typical gate charge vs. gate-to-source 
voltage. 
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mHARRIS 
'RFF220/221/222/223 


'RFF220R/221R/222R/223R 


N-Channel 
Power MOSFETs 


Avalanche 
Energy Rated* 


Features 


• 3.0A and 3.5A, 150V - 200V 


• rDS(on) = O.SO and 1.20 


• Single Pulse Avalanche Energy Rated· 


• SOA is Power-Dissipation 
Limited 


• Nanosecond Switching Speeds 


• Linear Transfer Characteristics 


SOUTIRCE. ."ATE 


DRAIN 
(CASE) 


Description 


The 
IRFF220, 
IRFF221, 
IRFF222, 
and 
IRFF223 
are 
n-channel enhancement-mode silicon-gate power field-effect 
transistors. IRFF220R, IRFF221R, IRFF222R, and IRFF223R 
types are advanced power MOSFETs designed, tested, and 
guaranteed to withstand a specified level of energy in the 
breakdown avalanche mode of operation. All of these power 
MOSFETs are designed for applications such as switching 
regulators, switching converters, motor drivers. relay drivers, 
and drivers for 
high-power 
bipolar switching transistors 
requiring high speed and low gate-drive power. These types 
can be operated directly from integrated circuits. 


The IRFF types are supplied in the JEDEC TO-205AF (Low 
Profile TO-39) metal package. 


Terminal Diagram 


N-CHANNEL 
ENHANCEMENT 
MODE 


Drain-Source Voltage (1) ....•....................... 
VDS 
Drain-Gate Voltage (RGS = 20kO) (1) •............... 
VDGR 
Continuous Drain Current 
TC = +250C ••...•................................. 
10 
Pulsed Drain Current (3) 
10M 
Gate-Source Voltage 
•...••.•...••........•......... 
VGS 


Maximum Power Dissipation 
TC = +250C ...........................•••......... 
Po 
Linear Derating Factor .........................•......... 
Inductive Current, Clamped •.•...••................... 
ILM 
(See Figure 14, L = 1001lH) 
Single Pulse Avalanche Energy Rating (4) .....•........ 
Eas' 


Operating and Storage Junction 
TJ. TSTG 
Temperature Range 
Maximum Lead Temperature for Soldering 
TL 


(O.063" (1.6mm) from case for 10s) 


IRFF220 
IRFF221 
IRFF222 
IRFF223 


IRFF220R 
IRFF221R 
IRFF222R 
IRFF223R 


200 
150 
200 
150 


200 
150 
200 
150 


3.5 
3.5 
3.0 
3.0 


14 
14 
12 
12 


±20 
±20 
±20 
±20 


20 
20 
20 
20 
0.16 
0.16 
0.16 
0.16 


14 
14 
12 
12 


85 
85 
85 
85 
-55to+150 
-55to 
+150 
-55 to +150 
-55 to +150 


300 
300 
300 
300 


NOTES: 


1. TJ = +250C 
to +1500C. 


2. Pulse Test: 
Pulse width ~ 300l1s, Duty Cycle.s 
2%. 


3. Repetitive Rating: Pulse width limited by max. junction temperature. 
See 
Transient Thermal Impedance 
Curve (Figure 5). 


4. VDD = 20V. starting TJ = +250C, 
L = 12.5mH, RGS = 50n, 
IpEAK = 3.5A. See Figure 15. 


UNITS 


V 


V 


W 
W/oC 


A 


LIMITS 


CHARACTERISTIC 
SYMBOL 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Orain-Source 
Breakdown 
Voltage 
BVOSS 
VGS = OV,IO = 2501lA 
IRFF220/222,IRFF220R/222R 
200 
- 
- 
V 


IRFF221 /223,IRFF221 
R/223R 
150 
- 
- 
V 


Gate Threshold Voltage 
VGSITH\ 
VOS = VGS, 10 = 250~A 
2.0 
- 
4.0 
V 


Gate-Source 
Leakage Forward 
IGSS 
VGS=20V 
- 
- 
100 
nA 


Gate-Source 
Leakage Reverse 
IGSS 
VGS=-20V 
- 
- 
-100 
nA 


Zero Gate Voltage Orain Current 
lOSS 
VOS = Max Rating, VGS = OV 
- 
- 
250 
~A 


VOS = Max Rating x 0.8, VGS = OV, 
- 
- 
1000 
~A 
TC=+1250C 


On-State 
Orain Current (Note 2) 
10(ON) 
VOS> 
ID(ON) x rOS(ON) Max, VGS = 10V 
IRFF220/221,IRFF220R/221 
R 
3.5 
- 
- 
A 


IRFF222/223,IRFF222R/223R 
3.0 
- 
- 
A 


Static Orain-Source 
On-State 
rOS(ON) 
VGS=10V,IO=2.0A 
Resistance (Note 2) 
IRFF220/221,IRFF220R/221 
R 
- 
0.5 
0.8 
0 


IRFF222/223,IRFF222R/223R 
- 
0.8 
0.2 
0 


Forward Transconductance 
(Note 2) 
9fs 
VOS> 
IOION\ x rOSION\ Max' 10 - 2.0A 
1.5 
2.25 
- 
S(U! 


Input Capacitance 
CISS 
VGS = OV,VOS = 25V, f = 1.0MHz 
- 
450 
- 
pF 


Output Capacitance 
COSS 
See Figure 10 
- 
150 
- 
pF 


Reverse Transfer Capacitance 
CRSS 
- 
40 
- 
pF 


Turn-On 
OelayTime 
tdiONl 
VOO "'0.5BVOSS,10 
= 3.5A, RG = 9.10 
- 
20 
40 
ns 


Rise Time 
tr 
See Figure 16. (MOSFET switching 
times 
- 
30 
60 
ns 


Turn-Off 
Oelay Time 
'dIOFF\ 
are essentially independent 
of operating 
- 
50 
100 
temperature) 
ns 


Fall Time 
tf 
- 
30 
60 
ns 


Total Gate Charge 
Og 
VGS = 1OV,IO = 3.5A, VOS = 0.8 Max 
- 
11 
15 
nC 
(Gate-Source 
+ Gate-Orain) 
Rating. See Figure 17 for test circuit. 


Gate-Source 
Charge 
Oas 
(Gate charge is essentially independent 
of 
- 
5.0 
- 
nC 


Gate-Orain 
("Miller") 
Charge 
Oad 
operating temperature.) 
- 
6.0 
- 
nC 


Internal Orain Inductance 
LO 
Measured from 
Modified MOSFET 
- 
5.0 
- 
nH 
the drain lead, 
symbol showing the 
5.0mm (0.2 in.) 
internal device 
from header 
inductances. 


to center of 


~ 


die. 


Internal Source Inductance 
LS 
Measured from the 
- 
15 
- 
nH 
source lead, 5.0mm 
G 
I 
(0.2") from 
LS 
header to source 
bonding pad. 
S 


Junction-ta-Case 
ROJC 
- 
- 
6.25 
°CIW 
Junction-ta-Ambient 
ROJA 
Free air operation 
- 
- 
175 
°CIW 


Continuous 
Source Current 
IS 
Modified MOSFET 


~ 


- 
- 
I 
3.5 
A 
(Body Oiode) 
symbol showing the 


Pulse Source Current 
ISM 
integral reverse 
- 
- 
14 
A 
(Body Oiode) (Note 3) 
P-N junco rectifier. 


Oiode Forward Voltage (Note 2) 
VSO 
TJ = +250C,IS 
=3.5A, 
VGS = OV 
- 
- 
2.0 
V 
Reverse Recovery Time 
trr 
TJ = +1500C,IF 
- 3.5A, dlF/dt -100A/~s 
- 
350 
- 
ns 


Reverse Recovered 
Charge 
°RR 
TJ - +1500C,IF 
- 3.5A, dlF/dt -100A/~s 
- 
2.3 
- 
~C 
Forward Turn-on 
Time 
tON 
Intrinsic turn-on 
time is negligible. Turn-on 
- 
- 
- 
- 
speed is substantially 
controlled 
by LS + LO. 


NOTES: 
1. TJ = +250C 
to +1500C 


2. Pulse Test: 
Pulse width.$. 
300us. 
Duty Cycle.$. 
2% 


3. Repetitive 
Rating: 
Pulse width 
limited 
by max. 


junction 
temperature. 
See Transient 
Thermal 
Impedance 
Curve (Figure 
5). 


4. VDD = 20V. starting 
TJ = +250C, 
L = 12.5mH, 
RGS = son, IpEAK = 3.5A. 
(See Figure 
15.) 
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(lJHARRIS 
'RFF230/231/232/233 


'RFF230R/231R/232R/233R 


N-Channel Power MOSFETs 


Avalanche Energy Rated* 


Features 


• 4.5A 
and 
5.5A, 
150V 
- 200V 


• rDS(on) 
= 0.40 
and 
0.60 


• Single 
Pulse 
Avalanche 
Energy 
Rated* 


• SOA 
is Power-Dissipation 
Limited 


• Nanosecond 
Switching 
Speeds 


• Linear 
Transfer 
Characteristics 


• High 
Input 
Impedance 


SOUTIRCE 
0 
GATE 


o 
0 


DRAIN 
(CASE) 


Description 


The 
IRFF230, 
IRFF231, 
IRFF232, 
and 
IRFF233 
are 
n-channel 
enhancement-mode 
silicon-gate 
power 
field-effect 
transistors. 
IRFF230R, 
IRFF231 R, IRFF232R, 
and 
IRFF233R 
types 
are advanced 
power 
MOSFETs 
designed, 
tested, 
and 
guaranteed 
to 
withstand 
a specified 
level 
of 
energy 
in the 
breakdown 
avalanche 
mode 
of operation. 
All of these 
power 
MOSFETs 
are 
designed 
for 
applications 
such 
as switching 
regulators, 
switching 
converters, 
motor 
drivers, 
relay 
drivers, 


and 
drivers 
for 
high-power 
bipolar 
switching 
transistors 
requiring 
high 
speed 
and 
low 
gate-drive 
power. 
These 
types 
can be operated 
directly 
from 
integrated 
circuits. 


The 
IRFF types 
are supplied 
in the 
JEDEC 
TO-205AF 
(Low 
Profile 
TO-39) 
metal 
package. 


Terminal Diagram 


N-CHANNEL 
ENHANCEMENT 
MODE 


IRFF230 
IRFF231 
IRFF232 
IRFF233 


IRFF230R 
IRFF231R 
IRFF232R 
IRFF233R 


Drain-Source Voltage (1) ............................ 
VDS 
200 
150 
200 
150 


Drain-Gate Voltage (RGS = 20kO) (1) ................ 
VDGR 
200 
150 
200 
150 


Continuous Drain Current 
TC = +250e 
....................................... 
10 
5.5 
5.5 
4.5 
4.5 
Pulsed Drain Current (3) .............................. 
10M 
22 
22 
18 
18 


Gate-Source Voltage 
............................... 
VGS 
±20 
±20 
±20 
±20 
Maximum Power Dissipation 
Te = +250C ....................................... 
Po 
25 
25 
25 
25 
Unear Derating Factor ................................... 
0.2 
0.2 
0.2 
0.2 
Inductive Current, Clamped ........................... 
ILM 
22 
22 
18 
18 


(See Figure 14, L = 1OO~H) 
Single Pulse Avalanche Energy Rating (4) .............. 
Eas• 
85 
85 
85 
85 
Operating and Storage Junction .................. 
TJ, TSTG 
-55to 
+150 
-55to 
+150 
-55 to +150 
-55to 
+150 


Temperature Range 
Maximum Lead Temperature for Soldering ............... 
TL 
300 
300 
300 
300 
(0.063" (1.6mm) from case for 10s) 


UNITS 


V 
V 


W 
WIDe 


A 


NOTES: 


1. TJ = +250C 
to +1500C. 


2. Pulse Test: Pulse width :::;300~s. Duty Cycle S 2%. 


3. Repetitive 
Rating: 
Pulse width 
limited 
by max. junction 
temperature. 
See 
Transient 
Thermal 
Impedance 
Curve (Figure 
5). 


4. VDD = 2DV. starting TJ = +250C. 
L = e.9mH. Ras = 50n. 


IpEAK = 5.5A. See Figure 15. 
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UMITS 


CHARACTERISTIC 
SYMBOL 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Drain-Source 
Breakdown 
Voltage 
BVDSS 
VGS = OV, 10 = 250lJA 
IR FF230/232, 
IRFF230R/232R 
200 
- 
- 
V 


IRFF231/233,IRFF231 
R/233R 
150 
- 
- 
V 


Gate Threshold Voltage 
VGSfTHl 
VOS - VGS, 10 - 250lJA 
2.0 
- 
4.0 
V 


Gate-Source 
Leakage Forward 
IGSS 
VGS - 20V 
- 
- 
100 
nA 


Gate-Source 
Leakage Reverse 
IGSS 
VGS--20V 
- 
- 
-100 
nA 


Zero Gate Voltage Drain Current 
lOSS 
VOS - Max Rating, VGS - OV 
- 
- 
250 
lJA 


VOS - Max Rating x 0.8, VGS - OV, 
- 
- 
1000 
JlA 
TC=+1250C 


On-State 
Drain Current (Note 2) 
10(ON) 
VOS> 
10(ON) x rOS(ON) Max, VGS = 10V 
IRFF230/231,IRFF230R/231 
R 
5.5 
- 
- 
A 


IRFF232/233,IRFF232R/233R 
4.5 
- 
- 
A 


Static Drain-Source 
On-State 
rOS(ON) 
VGS-10V,JO 
-3.0A 
Resistance 
(Note 2) 
IRFF230/231,IRFF230R/231 
R 
- 
0.25 
0.4 
n 


IRFF232/233,IRFF232R/233R 
- 
0.4 
0.6 
n 


Forward Transconductance 
(Note 2) 
9fs 
VOS> 
JOlON) x rOsrONl 
Max' 10 - 3.0A 
2.5 
4.5 
- 
S(Ul 


Input Capacitance 
CISS 
VGS - OV,VOS - 25V, f - 1.0MHz 
- 
600 
- 
pF 


Output Capacitance 
COSS 
See Figure 10 
- 
250 
- 
pF 


Reverse Transfer Capacitance 
CRSS 
- 
80 
- 
pF 


Turn-On 
Delay Time 
tdlONl 
VOO '" 0.5BVOSS, 10 - 5.5A, RG - 9.1n 
- 
- 
30 
ns 


Rise Time 
tr 
See Figure 16. (MOSFET switching 
times 
- 
- 
50 
ns 


Turn-Off 
Delay Time 
!d(OFF) 
are essentially independent 
of operating 
- 
- 
50 
ns 
temperature) 
Fall Time 
tf 
- 
- 
40 
ns 


Total Gate Charge 
Og 
VGS = 1OV,IO = 5.5A, VOS = 0.8 Max 
- 
19 
30 
nC 
(Gate-Source 
+ Gate-Drain) 
Rating. See Figure 17 for test circuit 


Gate-Source 
Charge 
Oes 
(Gate charge is essentially independent 
of 
- 
10 
- 
nC 


Gate-Drain 
("Miller") 
Charge 
Oed 
operating temperature.) 
- 
9.0 
- 
nC 


Internal Drain Inductance 
LO 
Measured from 
Modified MOSFET 
- 
5.0 
- 
nH 
the drain lead, 
symbol showing the 
5.0mm (0.2 in.) 
internal device 
from header 
inductances. 


to center of 


~ 


die. 


Internal Source Inductance 
LS 
Measured from the 
- 
15 
- 
nH 
source lead, 5.0mm 
(0.2") from 
LS 
header to source 
bonding pad. 
S 


Junction-ta-Case 
RaJC 
- 
- 
5.0 
°CIW 
Junction-ta-Ambient 
RaJA 
Free air operation 
- 
- 
175 
°CIW 


Continuous 
Source Current 
IS 
Modified MOSFET 


~ 


- 
- 
5.5 
A 
(Body Diode) 
symbol showing the 


Pulse Source Current 
ISM 
integral reverse 
- 
- 
22 
A 
(Body Diode) (Note 3) 
P-N junco rectifier. 


Diode Forward Voltage (Note 2) 
VSO 
TJ - +250C,IS 
- 5.5A, Vas 
= OV 
- 
- 
2.0 
V 
Reverse Recovery Time 
trr 
TJ - + 1500C, IF - 5.5A, dlF/dt - 100NJls 
- 
450 
- 
ns 
Reverse Recovered 
Charge 
°RR 
TJ - +1500C,IF 
- 5.5A,dIF/dt 
-100NJls 
- 
3.0 
- 
JlC 
Forward Turn on Time 
tON 
Intrinsic turn-on time is negligible. Turn-on 
- 
- 
- 
- 
speed is SUbstantially controlled 
by LS + LO' 


NOTES, 1. TJ = +2SoC to +1S00C 


2. Pulse Test: 
Pulse width ~ 300~s. 
Duty Cycle ~ 2% 


3. Repetitive Rating: Pulse width limited by max. 


junction temperature. 
See Transient Thermal 
Impedance 
Curve (Figure 5). 


4. VDD = 20V, starting TJ = +250C. 
L = e.9mH, AGS = son, 
IpEAK = 5.5A. (See 


Figure 15.) 
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Fig. 10 - Typical capacitance vs. drain-to-source 
voltage. 
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Features 


• 1.35A 
and 
1.15A, 
350V 
- 400V 


• rDS(on) 
= 3.60 
and 
5.00 


• Single 
Pulse 
Avalanche 
Energy 
Rated* 


• SOA 
is Power-Dissipation 
Limited 


• Nanosecond 
Switching 
Speeds 


• Linear 
Transfer 
Characteristics 


SOUTIRCE 
0 
GATE 


o 
0 


DRAIN 
(CASE) 


Description 


The 
IRFF310, 
IRFF311, 
IRFF312, 
and 
IRFF313 
are 
n-channel 
enhancement-mode 
silicon-gate 
power 
field-effect 
transistors. 
IRFF310R, 
IRFF311 
R, IRFF312R, 
and 
IRFF313R 
types 
are advanced 
power 
MOSFETs 
designed, 
tested, 
and 
guaranteed 
to 
withstand 
a specified 
level 
of energy 
in the 
breakdown 
avalanche 
mode 
of operation. 
All of these 
power 
MOSFETs 
are 
designed 
for 
applications 
such 
as switching 
regulators, 
switching 
converters, 
motor 
drivers, 
relay 
drivers, 


and 
drivers 
for 
high-power 
bipolar 
sWitching 
transistors 
requiring 
high 
speed 
and 
low 
gate-drive 
power. 
These 
types 
can be operated 
directly 
from 
integrated 
circuits. 


The 
IRFF types 
are supplied 
in the JEDEC 
TO-205AF 
(Low 
Profile 
TO-39) 
metal 
package. 


Terminal 
Diagram 


N-CHANNEL 
ENHANCEMENT 
MODE 


IRFF310 
IRFF311 
IRFF312 
IRFF313 


IRFF310R 
IRFF311R 
IRFF312R 
IRFF313R 


Drain-Source Voltage (1) ............................ 
VDS 
400 
350 
400 
350 
Drain-Gate Voltage (RGS = 20kO) (1) ................ 
VDGR 
400 
350 
400 
350 


Continuous Drain Current 
TC = +250C 
....................................... 
10 
1.35 
1.35 
1.15 
1.15 
Pulsed Drain Current (3) .............................. 
IDM 
5.5 
5.5 
4.5 
4.5 


Gate-Source Voltage 
............•.................. 
VGS 
±20 
±20 
±20 
±20 


Maximum Power Dissipation 
TC = +250C 
....................................... 
PD 
15 
15 
15 
15 
Linear Derating Factor ................................... 
0.12 
0.12 
0.12 
0.12 


Inductive Current, Clamped ........................... 
ILM 
5.5 
5.5 
4.5 
4.5 


(See Figure 14, L = 1OOIlH) 
Single Pulse Avalanche Energy Rating (4) .............. 
Eas' 
150 
150 
150 
150 


Operating and Storage Junction .................. 
TJ, TSTG 
-55to+150 
-55to+150 
-55 to +150 
-55 to +150 
Temperature Range 
Maximum Lead Temperature for Soldering ............... 
TL 
300 
300 
300 
300 


(0.063" (1.6mm) from case for 10s) 


NOTES: 


1. TJ = +2SoC to +1S00C. 


2. Pulse Test: 
Pulse width:> 
300IlS. 
Duty Cycle ~ 
2%. 


3. Repetitive Rating: Pulse width limited by max. junction temperature. 
See 


Transient 
Thermal 
Impedance 
Curve (Figure 
5). 


4. VDD = 40V. starting TJ = +2SoC. L = 44.89mH. 
RGS = son. 


IpEAK = 1.3SA. See Figure 
1S. 


UNITS 


V 


V 


W 
WIDC 


A 


LIMITS 


CHARACTERISTIC 
SYMBOL 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Drain-Source 
Breakdown 
Voltage 
BVOSS 
VGS = OV, 10 = 2501lA 
IRFF31 0/312, IRFF31 OR/312R 
400 
- 
- 
V 


IRFF311/313,IRFF311R/313R 
350 
- 
- 
V 


Gate Threshold Voltage 
VGSITHl 
VOS - VGS, 10 - 250~A 
2.0 
- 
4.0 
V 


Gate-Source 
Leakage Forward 
IGSS 
VGS-20V 
- 
- 
100 
nA 


Gate-Source 
Leakage Reverse 
IGSS 
VGS--20V 
- 
- 
-100 
nA 


Zero Gate Voltage Drain Current 
lOSS 
VOS - Max Rating, VGS - OV 
- 
- 
250 
~A 


VOS - Max Rating x 0.8, VGS - OV, 
- 
- 
1000 
IlA 
TC=+1250C 


On-State 
Drain Current (Note 2) 
10(ON) 
VOS> 
10(ON) x rOS(ON) Max, VGS = 10V 
IRFF31 0/311,IRFF31 
OR/311 R 
1.35 
- 
- 
A 


IRFF312/313,IRFF312R/313R 
1.15 
- 
- 
A 


Static Drain-Source 
On-State 
rOS(ON) 
VGS-10V,10-0.8A 
Resistance (Note 2) 


IRFF31 0/311,IRFF31 
OR/311 R 
- 
3.3 
3.6 
n 


IRFF312/313,IRFF312R/313R 
- 
3.6 
5.0 
n 


Forward Transconductance 
(Note 2) 
9fs 
VOS> 
'OIONI x rOSION) Max, 10 - 0.8A 
0.5 
1.2 
- 
Sm) 


Input Capacitance 
CISS 
VGS - OV,VOS = 25V, f - 1.0MHz 
- 
135 
- 
pF 


Output Capacitance 
COSS 
See Figure 10 
- 
35 
- 
pF 


Reverse Transfer Capacitance 
CRSS 
- 
8.0 
- 
pF 


Turn-On 
OelayTime 
td(ONl 
VOO '" 0.5BVOSS,10 
- 1.35A, RG - 9.1n 
- 
3.0 
10 
ns 


Rise Time 
tr 
See Figure 16. (MOSFET sWitching times 
- 
10 
20 
ns 


Turn-Off 
Delay Time 
lctCOFFI 
are essentially independent 
of operating 
- 
5.0 
10 
temperature) 
ns 


Fall Time 
tf 
- 
8.0 
15 
ns 


Total Gate Charge 
Qg 
VGS - 1OV,IO - 1.35A, VOS - 0.8 Max 
- 
6.0 
7.5 
nC 
(Gate-Source 
+ Gate-Drain) 
Rating. See Figure 17 for test circuil. 


Gate-Source 
Charge 
Qas 
(Gate charge is essentially independent 
of 
- 
3.0 
- 
nC 


Gate-Drain 
("Miller") 
Charge 
Qad 
operating temperature.) 
- 
3.0 
- 
nC 


Internal Drain Inductance 
LO 
Measured from 
Modified MOSFET 
- 
5.0 
- 
nH 
the drain lead, 
symbol showing the 
5.0mm (0.2 in.) 
internal device 
from header 
inductances. 
to center of 


~ 


die. 


Internal Source Inductance 
LS 
Measured from the 
- 
15 
- 
nH 
source lead, 5.0mm 
(0.2") from 
lS 
header to source 
bonding pad. 
S 


Junction-ta-Case 
R9JC 
- 
- 
8.33 
°C/W 
Junction-ta-Ambient 
RaJA 
Free air operation 
- 
- 
175 
°C/W 


Continuous 
Source Current 
IS 
Modified MOSFET 


~ 


- 
- 
1.35 
A 
(Body Diode) 
symbol showing the 


Pulse Source Current 
ISM 
integral reverse 
- 
- 
5.5 
A 
(Body Diode) (Note 3) 
P-N junco rectifier. 


Diode Forward Voltage (Note 2) 
VSO 
TJ = +250C,IS 
= 1.35A, VGS = OV 
- 
- 
1.6 
V 
Reverse Recovery Time 
trr 
TJ - +1500C,IF 
-1.35A, 
dIF/dt-100N~s 
- 
380 
- 
ns 


Reverse Recovered 
Charge 
QRR 
TJ - +1500C,IF 
-1.35A, 
dIF/dt-100N~s 
- 
2.7 
~C 
Forward Turn-on 
Time 
tON 
Intrinsic turn-on time is negligible. Turn-on 
- 
- 
- 
- 
speed is sUbstantially controlled 
by LS + lO' 


NOTES: 
1. TJ = +250C 
1o +1500C 


2. Pulse Test: 
Pulse width .:;;300~s. 
Duly Cycle.:;; 2% 


3. Repetitive Rating: Pulse width limited by max. 


junction 
temperature. 
See Transient 
Thermal 


Impedance 
Curve (Figure 5). 


4. VDD = 40V, starting TJ = +250C, 


L = 44.89mH, Ras = 500, 
IpEAK = 1.35A. 
(See Figure 15.) 
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'RFF320/321/322/323 


'RFF320R/321R/322R/323R 


N-Channel Power MOSFETs 


Avalanche Energy Rated* 


Features 


• 2.0A 
and 
2.5A, 
350V 
- 400V 


• rDS(on) 
= 1.80 
and 
2.50 


• Single 
Pulse 
Avalanche 
Energy 
Rated* 


• SOA 
is Power-Dissipation 
Limited 


• Nanosecond 
Switching 
Speeds 


• Linear 
Transfer 
Characteristics 


SOUTIRCE 
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(CASE) 


Description 


The 
IRFF320, 
IRFF321, 
IRFF322, 
and 
IRFF323 
are 
n-channel 
enhancement-mode 
silicon-gate 
power 
field-effect 
transistors. 
IRFF320R, 
IRFF321 R, IRFF322R, 
and 
IRFF323R 
types 
are advanced 
power 
MOSFETs 
designed, 
tested, 
and 
guaranteed 
to 
withstand 
a specified 
level 
of 
energy 
in the 
breakdown 
avalanche 
mode 
of operation. 
All of these 
power 
MOSFETs 
are 
designed 
for 
applications 
such 
as sWitching 


regulators, 
switching 
converters, 
motor 
drivers, 
relay 
drivers, 


and 
drivers 
for 
high-power 
bipolar 
switching 
transistors 
requiring 
high 
speed 
and 
low gate-drive 
power. 
These 
types 
can be operated 
directly 
from 
integrated 
circuits. 


The 
IRFF types 
are supplied 
in the JEDEC 
TO-205AF 
(Low 
Profile 
TO-39) 
metal 
package. 


Terminal Diagram 


N-CHANNEL 
ENHANCEMENT 
MODE 


Absolute 
Maximum 
Ratings 
(TC = +250C), 
Unless 
Otherwise 
Specified 


IRFF320 
IRFF321 
IRFF322 
IRFF323 
IRFF320R 
IRFF321R 
IRFF322R 
IRFF323R 
UNITS 


Drain-Source Voltage (1) ............................ 
VDS 
400 
350 
400 
350 
V 
Drain-Gate Voltage (RGS = 20kO) (1) ................ 
VDGR 
400 
350 
400 
350 
V 
Continuous Drain Current 
TC = +250C ....................................... 
ID 
2.5 
2.5 
2.0 
2.0 
A 
Pulsed Drain Current (3) .............................. 
IDM 
10 
10 
8.0 
8.0 
A 
Gate-Source Voltage 
............................... 
VGS 
±20 
±20 
±20 
±20 
V 
Maximum Power Dissipation 


TC = +250C ....................................... 
PD 
20 
20 
20 
20 
W 
Unear Derating Factor ................................... 
0.16 
0.16 
0.16 
0.16 
W/oC 
Inductive Current, Clamped ........................... 
ILM 
10 
10 
8.0 
8.0 
A 
(See Figure 14, L = 1OO~H) 
Single Pulse Avalanche Energy Rating (4) .............. 
Eas' 
100 
100 
100 
100 
mJ 
Operating and Storage Junction .................. 
TJ, TSTG 
-55 to +150 
-55to+150 
-55 to +150 
-55to+150 
°C 
Temperature Range 
Maximum Lead Temperature for Soldering ............... 
TL 
300 
300 
300 
300 
°C 
(0.063" (1.6mm) from case for 10s) 


NOTES: 


t. 
TJ = +2SoC 
to +tSOoC. 


2. Pulse Test: 
Pulse width 
.="-300~s, 
Duty Cycle.="- 2%. 


3. Repetitive 
Rating: 
Pulse width 
limited 
by max. junction 
temperature. 
See 
Transient Thermal Impedance 
Curve (Figure 5). 


4. VDD = 40V, starting 
TJ = +2SoC. 
L = ·29.09mH, Ras = son. 


IpEAK = 2.SA. See Figure 
1S. 
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Orain-Source 
Breakdown 
Voltage 
BVOSS 
VGS = OV,IO = 2501JA 
IRFF320/322,IRFF320R/322R 
400 
- 
- 
V 


IRFF321/323,IRFF321 
R/323R 
350 
- 
- 
V 


Gate Threshold Voltage 
VGSfTHl 
VOS = VGS, 10 = 250~A 
2.0 
- 
4.0 
V 


Gate-Source 
Leakage Forward 
IGSS 
VGS-20V 
- 
100 
nA 


Gate-Source 
Leakage Reverse 
IGSS 
VGS--20V 
- 
- 
-100 
nA 


Zero Gate Voltage Orain Current 
lOSS 
VOS - Max Rating, VGS - OV 
- 
- 
250 
~A 


VOS - Max Rating x 0.8, VGS - OV, 
- 
- 
1000 
~A 
TC=+1250C 


On-State 
Orain Current (Note 2) 
10{ON) 
VOS> 
10{ON) x rOS{ON) Max, VGS = 10V 
IRFF320/321,IRFF320R/321 
R 
2.5 
- 
- 
A 


IRFF322/323,IRFF322R/323R 
2.0 
- 
- 
A 


Static Orain-Source 
On-State 
rOS{ON) 
VGS -10V,10 
-1.25A 
Resistance (Note 2) 
IRFF320/321, 
IRFF320R/321 
R 
- 
1.5 
1.8 
n 


IRFF322/323,IRFF322R/323R 
- 
1.8 
2.5 
n 


Forward Transconductance 
(Note 2) 
9fs 
VOS> 
1010N) x rOStON) Max, 10 - 1.25A 
1.0 
2.0 
- 
Sm) 


Input Capacitance 
CISS 
VGS = OV,VOS = 25V, f = 1.0MHz 
- 
450 
- 
pF 


Output Capacitance 
COSS 
See Figure 10 
- 
100 
- 
pF 


Reverse Transfer Capacitance 
CRSS 
- 
20 
- 
pF 


Turn-On 
OelayTime 
tdtON\ 
VOO '" 0.5BVOSS,10 
= 2.5A, RG = 9.1n 
- 
20 
40 
ns 


Rise Time 
tr 
See Figure 16. (MOSFET switching times 
- 
25 
50 
ns 


Turn-Off 
Oelay Time 
!dIOFFI 
are essentially independent 
of operating 
- 
50 
100 
temperature) 
ns 


Fall Time 
tf 
- 
25 
50 
ns 


Total Gate Charge 
Og 
VGS - 1OV,IO = 2.5A, VOS - 0.8 Max 
- 
12 
15 
nC 
(Gate-Source 
+ Gate-Orain) 
Rating. See Figure 17 for test circuit 


Gate-Source 
Charge 
Oas 
(Gate charge is essentially independent 
of 
- 
6.0 
- 
nC 


Gate-Orain 
("Miller") 
Charge 
Oad 
operating temperature.) 
- 
6.0 
- 
nC 
Internal Orain Inductance 
LO 
Measured from 
Modified MOSFET 
- 
5.0 
- 
nH 
the drain lead, 
symbol showing the 
5.0mm (O.2 in.) 
internal device 
from header 
inductances. 


to center of 


~ 


die. 


Internal Source Inductance 
LS 
Measured from the 
15 
- 
nH 
source lead, 5.0mm 
(0.2") from 
LS 
header to source 
bonding pad. 
S 


Junction-ta-Case 
RllJC 
- 
- 
6.25 
°C/W 
Junction-ta-Ambient 
RaJA 
Free air operation 
- 
- 
175 
°C/W 


Continuous 
Source Current 
IS 
Modified MOSFET 


~ 


- 
- 
2.5 
A 
(Body Oiode) 
symbol showing the 


Pulse Source Current 
ISM 
integral reverse 
- 
- 
10 
A 
(Body Oiode) (Note 3) 
P-N junco rectifier. 


Oiode Forward Voltage (Note 2) 
VSO 
TJ = +250C, IS = 2.5A, VGS = OV 
- 
- 
1.6 
V 
Reverse Recovery Time 
trr 
TJ - +1500C,IF 
- 2.5A, dlF/dt = 100A/~s 
- 
450 
- 
ns 
Reverse Recovered Charge 
°RR 
TJ - +1500C, 
IF - 2.5A, dlF/dt - 1OOA/~s 
- 
3.1 
- 
~C 
Forward Turn-on 
Time 
tON 
Intrinsic turn-on 
time is negligible. Turn-on 
- 
- 
- 
- 
speed is SUbstantially controlled 
by LS + Lo. 


NOTES, 1. TJ = +250c 1o +1500C 


2. Pulse Tesl: 
Pulse width ~ 300~s, 
Duty Cycle::: 
2% 


3. Repetitive Rating: Pulse width limited by max. 


junction temperature. 
See Transient Thermal 
Impedance Curve (Figure 5). 


4. VDD = 40V. starting TJ = +250C. 


L = 29.09mH. 
RGS = son. 
IpEAK = 2.5A. 


(See Figure 15.) 
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Features 


• 3.0A and 3.5A, 350V - 400V 


• rDS(on) = 1.00 and 1.50 


• Single Pulse Avalanche Energy Rated· 


• SOA is Power-Dissipation 
Limited 


• Nanosecond Switching Speeds 


• Linear Transfer Characteristics 
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Description 


The 
IRFF330, 
IRFF331, 
IRFF332, 
and 
IRFF333 
are 


n-channel enhancement-mode silicon-gate power field-effect 
transistors. IRFF330R, IRFF331R, IRFF332R, and IRFF333R 
types are advanced power MOSFETs designed, tested, and 
guaranteed to withstand a specified level of energy in the 
breakdown avalanche mode of operation. All of these power 
MOSFETs are designed for applications such as switching 
regulators, switching converters, motor drivers, relay drivers, 
and drivers for 
high-power 
bipolar switching transistors 
requiring high speed and low gate-drive power. These types 
can be operated directly from integrated circuits. 


The IRFF types are supplied in the JEDEC TO-205AF (Low 
Profile TO-39) metal package. 


Terminal Diagram 


N-CHANNEL 
ENHANCEMENT 
MODE 


Drain-Source Voltage (1) ....................•....... 
VDS 
Drain-Gate Voltage (RGS = 20kO) (1) .......•.•...... 
VDGR 
Continuous Drain Current 
TC = +250C 
ID 
Pulsed Drain Current (3) ......•.......•............... 
IDM 
Gate-Source Voltage 
.......................•....... 
VGS 
Maximum Power Dissipation 
TC = +250C ......•.............•..........•....... 
PD 
Linear Derating Factor .........•....•........•........... 
Inductive Current, Clamped 
ILM 
(See Figure 14, L = 1001lH) 
Single Pulse Avalanche Energy Rating (4) 
Eas' 


Operating and Storage Junction 
TJ' TSTG 
Temperature Range 
Maximum Lead Temperature for Soldering 
TL 
(0.063" (1.6mm) from case for 10s) 


IRFF330 
IRFF331 
IRFF332 
IRFF333 


IRFF330R 
IRFF331R 
IRFF332R 
IRFF333R 


400 
350 
400 
350 
400 
350 
400 
350 


3.5 
3.5 
3.0 
3.0 
14 
14 
12 
12 


±20 
±20 
±20 
±20 


25 
25 
25 
25 


0.2 
0.2 
0.2 
0.2 


14 
14 
12 
12 


300 
300 
300 
300 
-55to+150 
-55to+150 
-55to+150 
-55 to +150 


300 
300 
300 
300 


NOTES: 


1. TJ - +250C to +1500C. 


2. Pulse Test: 
Pulse width ~ 300jJs, Duty Cycle .:s. 2%. 


3. Repetitive Rating: Pulse width limited by max. junction temperature. 
See 
Transient 
Thermal 
Impedance 
Curve (Figure 
5). 


UNITS 


V 
V 


w 
W/oC 


A 


LIMITS 


CHARACTERISTIC 
SYMBOL 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Drain-Source 
Breakdown 
Voltage 
BVDSS 
VGS = OV, 10 = 250lJA 
IRFF330/332,IRFF330R/332R 
400 
- 
- 
V 


IRFF331/333,IRFF331R/333R 
350 
- 
- 
V 


Gate Threshold Voltage 
VGSITHI 
VOS = VGS, 10 - 250~A 
2.0 
- 
4.0 
V 


Gate-Source 
Leakage Forward 
IGSS 
VGS-20V 
- 
- 
100 
nA 


Gate-Source 
Leakage Reverse 
IGSS 
VGS=-20V 
- 
- 
-100 
nA 


Zero Gate Voltage Drain Current 
lOSS 
VOS = Max Rating, VGS = OV 
- 
- 
250 
lJA 


VOS - Max Rating x 0.8, VGS - OV, 
- 
- 
1000 
lJA 
TC=+1250C 


On-State 
Drain Current (Note 2) 
10(ON) 
VOS> 
10(ON) x rOS(ON) Max, VGS = 10V 
IRFF330/331,IRFF330R/331 
R 
3.5 
- 
- 
A 


IRFF332/333,IRFF332R/333R 
3.0 
- 
- 
A 


Static Drain-Source 
On-State 
rOS(ON) 
VGS - 1OV,10 - 2.0A 
Resistance (Note 2) 
IRFF330/331, 
IRFF330R/331 
R 
- 
0.8 
1.0 
n 


IRFF332/333,IRFF332R/333R 
- 
1.0 
1.5 
n 


Forward Transconductance 
(Note 2) 
9fs 
VOS> 
10lONl x rOSrONI Max, 10 - 2.0A 
2.0 
3.5 
- 
Sm) 


Input Capacitance 
CISS 
VGS - OV,VOS - 25V, f - 1.0MHz 
- 
700 
- 
pF 


Output Capacitance 
COSS 
See Figure 10 
- 
150 
- 
pF 


Reverse Transfer Capacitance 
CRSS 
- 
40 
- 
pF 


Turn-On 
Delay Time 
!deON) 
VOO '" 175V,10 = 3.5A, RG = 9.1n 
- 
- 
30 
ns 


Rise Time 
tr 
See Figure 16. (MOSFET switching 
times 
- 
- 
35 
ns 


Turn-Off 
Delay Time 
!dIOFFI 
are essentially independent 
of operating 
- 
- 
55 
temperature) 
ns 


Fall Time 
tf 
- 
- 
35 
ns 


Total Gate Charge 
Qg 
VGS = 10V,I0 
= 3.5A, VOS =0.8 
Max 
- 
18 
30 
nC 
(Gate-Source 
+ Gate-Drain) 
Rating. See Figure 17 for test circuit 


Gate-Source 
Charge 
Qas 
(Gate charge is essentially independent 
of 
- 
11 
- 
nC 


Gate-Drain 
("Miller") 
Charge 
Qad 
operating temperature.) 
- 
7.0 
- 
nC 


Internal Drain Inductance 
LO 
Measured from 
Modified MOSFET 
- 
5.0 
- 
nH 
the drain lead, 
symbol showing the 
5.0mm (0.2 in.) 
internal device 
from header 
inductances. 


to center of 


~ 


die. 


Internal Source Inductance 
LS 
Measured from the 
- 
15 
- 
nH 
source lead, 5.0mm 
(0.2") from 
LS 
header to source 
bonding pad. 
S 


Junction-ta-Case 
RaJC 
- 
- 
5.0 
°CIW 
Junction-ta-Ambient 
RaJA 
Free air operation 
- 
- 
175 
°CIW 


Continuous 
Source Current 
IS 
Modified MOSFET 


~ 


- 
- 
3.5 
A 
(Body Diode) 
symbol showing the 


Pulse Source Current 
ISM 
integral reverse 
- 
- 
14 
A 
(Body Diode) (Note 3) 
P-N junco rectifier. 


Diode Forward Voltage (Note 2) 
VSO 
TJ - +250C,IS 
- 3.5A, VGS - OV 
- 
- 
1.6 
V 
Reverse Recovery Time 
trr 
TJ - +1500C,IF 
- 3.5A,dIF/dt 
-100N~s 
- 
600 
- 
ns 
Reverse Recovered 
Charge 
QRR 
TJ 
+1500C,IF 
- 3.5A, dlF/dt -100N~s 
- 
4.0 
~C 
Forward Turn-on 
Time 
tON 
Intrinsic turn-on 
time is negligible. Turn-on 
- 
- 
- 
- 
speed is substantially 
controlled 
by LS + LO. 


NOTES: 
1. TJ = +250c 
to +1500C 


2. Pulse Test: Pulse width 
5300"". 


Duty Cycle 5 2% 


3. Repetitive Rating: Pulse width limited by max. 


junction 
temperature. 
See Transient 
Thermal 
Impedance 
Curve (Figure 5). 


4. VDD = 50V, starting TJ = +250C. 


L - 
42.85mH. Ras = 250. 
IpEAK - 3.5A. 


(See Figure 15.) 
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'RFF420/421/422/423 


'RFF420R/421R/422R/423R 


N-Channel 
Power MOSFETs 


Avalanche 
Energy Rated* 


Features 


• 1.4A and 1.6A, 450V - 500V 


• rDS(on) = 3.00. and 4.00. 


• Single Pulse Avalanche Energy Rated* 


• SOA is Power-Dissipation 
Limited 


• Nanosecond Switching Speeds 


• Linear Transfer Characteristics 


• High Input Impedance 


SOU~TE 
DRAIN 


~(CASE) 


Description 


The 
IRFF420, 
IRFF421, 
IRFF422, 
and 
IRFF423 
are 
n-channel enhancement-mode silicon-gate power field-effect 
transistors. IRFF420R, IRFF421R, IRFF422R, and IRFF423R 
types are advanced power MOSFETs designed, tested, and 
guaranteed to withstand a specified level of energy in the 
breakdown avalanche mode of operation. All of these power 
MOSFETs are designed for applications such as switching 
regulators, switching converters, motor drivers, relay drivers, 
and drivers for 
high-power 
bipolar switching transistors 
requiring high speed and low gate-drive power. These types 
can be operated directly from integrated circuits. 


The IRFF types are supplied in the JEDEC TO-205AF (Low 
Profile TO-39) metal package. 


Terminal Diagram 


N-CHANNEL 
ENHANCEMENT 
MODE 


IRFF420 
IRFF421 
IRFF422 
IRFF423 
IRFF420R 
IRFF421R 
IRFF422R 
IRFF423R 


Drain-Source Voltage (1) .••.....•................... 
VDS 
500 
450 
500 
450 
Drain-Gate Voltage (RGS = 20kO) (1) ................ 
VDGR 
500 
450 
500 
450 
Continuous Drain Current 
TC = +250C ......•.•....•....••••........•........ 
10 
1.6 
1.6 
1.4 
1.4 
Pulsed Drain Current (3) •...•.......••..... 
, ....•..... 
10M 
6.5 
6.5 
5.5 
5.5 
Gate-Source Voltage 
..•......••.................... 
VGS 
±20 
±20 
±20 
±20 
Maximum Power Dissipation 
TC = +250C ....................................... 
Po 
20 
20 
20 
20 
Linear Derating Factor ................................... 
0.16 
0.16 
0.16 
0.16 
Inductive Current, Clamped ......................... 
" 
ILM 
6.5 
6.5 
5.5 
5.5 


(See Figure 14, L = 1OO~H) 
Single Pulse Avalanche Energy Rating (4) .............. 
Eas' 
210 
210 
210 
210 
Operating and Storage Junction .................. 
TJ, TSTG 
-55to+150 
-55to+150 
-55 to +150 
-55to+150 


Temperature Range 
Maximum Lead Temperature for Soldering ..............• 
TL 
300 
300 
300 
300 
(0.063" (1.6mm) from case for 10s) 


UNITS 


V 
V 


W 
W/oC 


A 


NOTES: 


1. TJ = +250C 
to +1S00C. 


2. Pulse Test: 
Pulse width S 300~s. 
Duty Cycle S 2%. 


3. Repetitive 
Rating: 
Pulse 
width 
limited 
by max. junction 
temperature. 
See 
Transient 
Thermal 
Impedance 
Curve (Figure 
5). 


4. VDD = SOy. starting 
TJ = +2S0C. 
L = 143.SmH. 
Ras = 2S0. 


IpEAK = 1.6A. See Figure 
1S. 
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UMITS 


CHARACTERISnC 
SYMBOL 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Drain-Source 
Breakdown 
Voltage 
BVOSS 
VGS = OV.IO = 250~ 
IRFF420/422.IRFF420R/422R 
500 
- 
- 
V 


IRFF421 /423.IRFF421 
R/423R 
450 
- 
- 
V 


Gate Threshold Voltage 
VGSfTHI 
VOS - VGS, 10 - 250~A 
2.0 
- 
4.0 
V 


Gate-Source 
Leakage Forward 
IGSS 
VGS - 20V 
- 
- 
100 
nA 


Gate-Source 
Leakage Reverse 
IGSS 
VGS--20V 
- 
- 
-100 
nA 


Zero Gate Voltage Drain Current 
lOSS 
VOS - Max Rating, VGS - OV 
- 
- 
250 
~A 


VOS - Max Rating x 0.8, VGS - OV, 
- 
- 
1000 
~A 
TC=+1250C 


On-State 
Drain Current (Note 2) 
10(ON) 
VOS> 
10(ON) x rOS(ON) Max, VGS = 10V 
IRFF420/421,IRFF420R/421 
R 
1.6 
- 
- 
A 


IRFF422/423,IRFF422R/423R 
1.4 
- 
- 
A 


Static Drain-Source 
On-State 
rOS(ON) 
VGS-10V,10-1.0A 
Resistance (Note 2) 
IRFF420/421,IRFF420R/421 
R 
- 
2.5 
3.0 
n 


IRFF422/423,IRFF422R/423R 
- 
3.0 
4.0 
n 


Forward Transconductance 
(Note 2) 
gfs 
VOS> 
10lONl x rOSIONl Max' 10 - 1.0A 
1.0 
1.75 
- 
S(m 


Input Capacitance 
CISS 
VGS - OV.VOS - 25V. f - 1.0MHz 
- 
300 
- 
pF 


Output Capacitance 
COSS 
See Figure 10 
- 
75 
- 
pF 


Reverse Transfer Capacitance 
CRSS 
- 
20 
- 
pF 


Turn-On 
OelayTime 
tdlONI 
VOO '" 0.5BVOSS, 10 - 1.6A, RG - 9.1n 
- 
30 
60 
ns 


Rise Time 
tr 
See Figure 16. (MOSFET switching 
times 
- 
25 
50 
ns 


Turn-OH Delay Time 
!dIOFFI 
are essentially independent 
of operating 
- 
30 
60 
temperature) 
ns 


Fall Time 
tf 
- 
15 
30 
ns 


Total Gate Charge 
Og 
VGS -10V,10 
-1.6A, 
VOS -0.8 
Max 
- 
11 
15 
nC 
(Gate-Source 
+ Gate-Drain) 
Rating. See Figure 17 for test circuit 


Gate-Source 
Charge 
OqS 
(Gate charge is essentially independent 
of 
- 
5.0 
- 
nC 


Gate-Drain 
("Miller") 
Charge 
Oqd 
operating temperature.) 
- 
6.0 
- 
nC 


Internal Drain Inductance 
LO 
Measured from 
Modified MOSFET 
- 
5.0 
- 
nH 
the drain lead, 
symbol showing the 
5.0mm (0.2 in.) 
internal device 
from header 
inductances. 


to center of 


~ 


die. 


Internal Source Inductance 
LS 
Measured from the 
- 
15 
- 
nH 
source lead, 5.0mm 
(0.2") from 
LS 
header to source 
bonding pad. 
S 


Junction-te-Case 
RaJC 
- 
- 
6.25 
°C/W 
Junction-te-Ambient 
RaJA 
Free air operation 
- 
- 
175 
°C/W 


Continuous 
Source Current 
IS 
Modified MOSFET 


~ 


- 
- 
1.6 
A 
(Body Diode) 
symbol showing the 


Pulse Source Current 
ISM 
integral reverse 
- 
- 
6.5 
A 
(Body Diode) (Note 3) 
P-N junco rectifier. 


Diode Forward Voltage (Note 2) 
VSO 
TJ = +250C, 
IS = 1.6A, VGS = OV 
- 
- 
1.4 
V 
Reverse Recovery Time 
trr 
TJ - +1500C.IF 
- 1.6A. dlF/dt -1 OON~s 
- 
600 
- 
ns 
Reverse Recovered 
Charge 
°RR 
TJ - +1500C,IF 
-1.6A,dIF/dt 
-100N~s 
- 
3.5 
- 
~C 
Forward Turn-on 
Time 
tON 
Intrinsic turn-on time is negligible. Turn-on 
- 
- 
- 
- 
speed is substantially 
controlled 
by LS + LO. 


NOTES: 1. TJ = +250C 10 +1500C 


2. PulseTest: Pulse width :> 300~s. 
Duty Cycle 5. 2% 


3. Repetitive Rating: Pulse width limited by max. 


junction temperature. 
See Transient Thermal 
Impedance Curve (Figure 5). 


4. VDD = 50V. starting TJ = +250C, 


L = 143.5mH, Ras = 250, IpEAK = 1.6A. 
(See Figure 15.) 
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;II HARRIS 
'RFF430/431/432/433 


'RFF430R/431R/432R/433R 


N-Channel 
Power MOSFETs 


Avalanche 
Energy Rated* 


Features 


• 2.25A 
and 
2.75A, 
450V 
- 500V 


• rDS(on) 
= 1.50 
and 
2.00 


• Single 
Pulse 
Avalanche 
Energy 
Rated· 


• SOA 
is Power-Dissipation 
Limited 


• Nanosecond 
Switching 
Speeds 


• Linear 
Transfer 
Characteristics 


SOUTIRCE. ."ATE 


DRAIN 
(CASE) 


Description 


The 
IRFF430, 
IRFF431, 
IRFF432, 
and 
IRFF433 
are 
n-channel 
enhancement-mode 
silicon-gate 
power 
field-effect 
transistors. 
IRFF430R, 
IRFF431 
R, IRFF432R, 
and 
IRFF433R 
types 
are 
advanced 
power 
MOSFETs 
designed, 
tested, 
and 
guaranteed 
to 
withstand 
a 
specified 
level 
of 
energy 
in 
the 
breakdown 
avalanche 
mode 
of operation. 
All of these 
power 
MOSFETs 
are 
designed 
for 
applications 
such 
as 
switching 
regulators, 
switching 
converters, 
motor 
drivers, 
relay 
drivers, 


and 
drivers 
for 
high-power 
bipolar 
switching 
transistors 
requiring 
high 
speed 
and 
low 
gate-drive 
power. 
These 
types 
can 
be operated 
directly 
from 
integrated 
circuits. 


The 
IRFF 
types 
are 
supplied 
in the 
JEDEC 
TO-205AF 
(Low 
Profile 
TO-39) 
metal 
package. 


Terminal Diagram 


N-CHANNEL 
ENHANCEMENT 
MODE 


IRFF430 
IRFF431 
IRFF432 
IRFF433 


IRFF430R 
IRFF431R 
IRFF432R 
IRFF433R 


500 
450 
500 
450 


500 
450 
500 
450 


2.75 
2.75 
2.25 
2.25 


11 
11 
9.0 
9.0 


±20 
±20 
±20 
±20 


25 
25 
25 
25 
0.2 
0.2 
0.2 
0.2 


11 
11 
9.0 
9.0 


300 
300 
300 
300 


-55to+150 
-55to+150 
-55to+150 
-55to 
+150 


300 
300 
300 
300 


Drain-Source 
Voltage (1) .................•.......... 
VDS 
Drain-Gate 
Voltage (RGS = 20kO) (1) 
VDGR 
Continuous 
Drain Current 
TC = +250C 
..........................•............ 
10 
Pulsed Drain Current (3) 
10M 
Gate-Source 
Voltage 
....................•.......... 
VGS 
Maximum Power Dissipation 
TC = +250C 
Po 
Linear Derating Factor 
. 


Inductive Current, Clamped 
....................•...... 
ILM 


(See Figure 14, L = 100flH) 


Single Pulse Avalanche 
Energy Rating (4) 
Eas* 


Operating 
and Storage Junction 
TJ, TSTG 
Temperature 
Range 
Maximum 
Lead Temperature 
for Soldering 
TL 
(0.063" 
(1.6mm) from case for 10s) 


NOTES: 


t. TJ ~ +250C 
to +1500C. 


2. Pulse Test: 
Pulse width 
:<:: 300~s. 
Duty Cycle 
:<:: 2%. 


3. Repetitive Rating: Pulse width limited by max. junction temperature. 
See 
Transient 
Thermal 
Impedance 
Curve (Figure 
5). 


UNITS 


V 
V 


W 
WloC 


A 


LIMITS 


CHARACTERISTIC 
SYMBOL 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Drain-Source 
Breakdown Voltage 
BVDSS 
VGS = OV,lo = 2501JA 
IRFF430/432, IRFF430R/432R 
500 
- 
- 
V 


IRFF431/433,IRFF431 
R/433R 
450 
- 
- 
V 


Gate Threshold Voltage 
VGSITHl 
VOS = VGS, 10 = 250~A 
2.0 
- 
4.0 
V 


Gate-Source Leakage Forward 
IGSS 
VGS-20V 
- 
- 
100 
nA 


Gate-Source Leakage Reverse 
IGSS 
VGS--20V 
- 
- 
-100 
nA 


Zero Gate Voltage Drain Current 
lOSS 
VOS = Max Rating, VGS - OV 
- 
- 
250 
~A 


VOS = Max Rating x 0.8, VGS - OV, 
- 
- 
1000 
IJA 
TC=+1250C 


On-State Drain Current (Note 2) 
10(ON) 
VOS> 10(ON) x rOS(ON) Max, VGS = 10V 
IRFF430/431, 
IRFF430R/431 R 
2.75 
- 
- 
A 


IRFF432/433,IRFF432R/433R 
2.25 
- 
- 
A 


Static Drain-Source 
On-State 
rOS(ON) 
VGS= 
10V,10= 
1.5A 
Resistance (Note 2) 
IRFF430/431,IRFF430R/431 
R 
- 
1.3 
1.5 
n 


IRFF432/433,IRFF432R/433R 
- 
1.5 
2.0 
n 


Forward Transconductance 
(Note 2) 
gfs 
VOS> 10lONI x rOSIONl Max, 10= 1.5A 
1.5 
2.5 
- 
Sm) 


Input Capacitance 
CISS 
VGS = OV,VOS = 25V, f = 1.0MHz 
- 
600 
- 
pF 


Output Capacitance 
COSS 
See Figure 10 
- 
100 
- 
pF 


Reverse Transfer Capacitance 
CRSS 
- 
30 
- 
pF 


Turn-On OelayTime 
tdlONl 
VOO '" 225V,I0 
= 2.75A, RG = 9.1n 
- 
- 
30 
ns 


RiseTime 
tr 
See Figure 16. (MOSFET switching times 
- 
- 
30 
ns 


Turn-Off Delay Time 
ldlOFFl 
are essentially independent of operating 
- 
- 
55 
temperature) 
ns 


Fall Time 
tf 
- 
- 
30 
ns 


Total Gate Charge 
Qg 
VGS = 1OV,lo = 2.75A, VOS = 0.8 Max 
- 
22 
30 
nC 
(Gate-Source + Gate-Drain) 
Rating. See Figure 17 for test circuit. 


Gate-Source Charge 
Qos 
(Gate charge is essentially independent of 
- 
11 
- 
nC 


Gate-Drain ("Miller") Charge 
Qod 
operating temperature.) 
- 
11 
- 
nC 


Internal Drain Inductance 
LO 
Measured from 
Modified MOSFET 
- 
5.0 
- 
nH 
the drain lead, 
symbol showing the 
5.0mm (0.2 in.) 
internal device 
from header 
inductances. 


to center 01 


~ 


die. 


Internal Source Inductance 
LS 
Measured from the 
- 
15 
- 
nH 
source lead, 5.0mm 
G 
I 
(0.2")lrom 
LS 
header to source 
bonding pad. 
S 


Junction-to-Case 
RaJC 
- 
- 
5.0 
°C/W 
Junction-to-Ambient 
RaJA 
Free air operation 
- 
- 
175 
°C/W 


Continuous Source Current 
IS 
Modified MOSFET 


~ 


- 
- 
2.75 
A 
(Body Diode) 
symbol shoWing the 


Pulse Source Current 
ISM 
integral reverse 
- 
- 
11 
A 
(Body Diode) (Note 3) 
P-N junco rectifier. 


Diode Forward Voltage (Note 2) 
VSO 
TJ = +250C,IS 
= 2.75A, VGS = OV 
- 
- 
1.4 
V 
Reverse Recovery Time 
trr 
TJ - +1500C,IF 
- 2.75A, dIF/dt- 
100N~s 
- 
800 
- 
ns 
Reverse Recovered Charge 
QRR 
TJ - +1500C,IF 
- 2.75A, dIF/dt- 
100N~s 
- 
4.6 
- 
~C 
Forward Turn-on Time 
tON 
Intrinsic turn-on time is negligible. Turn-on 
- 
- 
- 
- 
speed is substantially controlled by LS + LO' 


NOTES: 
1. TJ = +250C 
\0 +1500C 


2. Pulse Test: 
Pulse width .:s 300J,l5, 
Duty Cycle 
=;: 2% 


3. Repetitive Rating: Pulse width limited 
by max. 


junction temperature. 
See Transient Thermal 
Impedance 
Curve (Figure 5). 


4. VDD = 50V, starting TJ = +250C, 
L = 69.42mH. 
Ras = son, IpEAK = 2.75A. 


(See Figure 15.) 
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voltage. 
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voltage. 
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;m HARRIS 
IRFP140R,IRFP141R 
IRFP142R, IRFP143R 
N-Channel 
Power MOSFETs 


Avalanche 
Energy Rated 


Features 


• 27A and 31A, SOV- 100V 


• rOS(on) = 0.0770 
and 0.0990 


• Single Pulse Avalanche Energy Rated 


• SOA is Power-Dissipation 
Limited 


• Nanosecond Switching Speeds 


• Linear Transfer Characteristics 


• High Input Impedance 


Description 


The IRFP140R, IRFP141R, IRFP142R, and IRFP143R are 
advanced power MOSFETs designed, tested and guaranteed 
to withstand a specified level of energy in the breakdown 
avalanche 
mode 
of 
operation. 
These 
are 
n-channel 


enhancement-mode silicon-gate power field-effect transistors 
designed for 
applications 
such 
as switching 
regulators, 


switching converters, motor drivers, relay drivers, and drivers 
for high-power bipolar switching transistors requiring high 
speed and low gate-drive power.Thesetypes can be operated 
directly from integrated circuits. 


The IRFP types are supplied in the JEDEC TO-247 plastic 
package. 


TO-247 
TOP VIEW 
DR9~ 


(TAB) o 
[~ 


:::,:0< 


GATE 


Terminal Diagram 


N-CHANNEL 
ENHANCEMENT MODE 


Drain-Source 
Voltage (1) 
VOS 
Drain-Gate 
Voltage (RGS = 20kO) (1) 
VOGR 
Continuous 
Drain Current 
TC = +250C 
..........................•.••.•....... 
10 
TC = +1 OOoC ......................•............... 
10 
Pulsed Drain Current (3) 
10M 
Gate-Source 
Voltage 
VGS 
Maximum Power Dissipation 
TC = +250C 
.................•........•............ 
Po 
Unear Derating Factor ..........••.......••.•.........•.. 
Single Pulse Avalanche 
Energy Rating (4) 
Eas 
Operating and Storage Junction 
....•.•........... 
TJ, TSTG 
Temperature Range 
Maximum lead Temperature 
for Soldering 
•.......•...•.. 
Tl 


(0.063" (1.6mm) from case for 10s) 


NOTES: 


1. TJ = +2Soc to +1S00C. 


2. Pulse Test: Pulse width :::;300~s. Duty Cycle:::; 2%. 


3. Repetitive Rating: Pulse width limited by max. junction 
temperature. 
See 
Transient 
Thermal 
Impedance 
Curve (Figure 
5). 


IRFP140R 
IRFP141R 
IRFP142R 
IRFP143R 


100 
80 
100 
80 


100 
80 
100 
80 


31 
31 
27 
27 


22 
22 
19 
19 


120 
120 
110 
110 


±20 
±20 
±20 
±20 


180 
180 
180 
180 
1.2 
1.2 
1.2 
1.2 
100 
100 
100 
100 
-55to 
+175 
-55to+175 
-55 to +175 
-55 to +175 


300 
300 
300 
300 


UNITS 


V 
V 


W 
W/oC 
mJ 
°C 


.. 
•... 
....... 
... ... 
zen 
ZCl 
<::IE 
:J:a: 
..•... 
'3 
zCl 
l:I. 


------ 
... 
...~ 
•••••• 
II~ 


Drain-Source 
Breakdown 
Voltage 
BVOSS 
VGS = OV,10 = 2501JA 
IRFP140R,IRFP142R 
100 
- 
- 
V 


IRFP141R,IRFP143R 
80 
- 
- 
V 


Gate Threshold Voltage 
VGSITH\ 
VOS = VGS, 10 - 250~A 
2.0 
- 
4.0 
V 


Gate-Source 
Leakage Forward 
IGSS 
VGS=20V 
- 
- 
100 
nA 


Gate-Source 
Leakage Reverse 
IGSS 
VGS--20V 
- 
- 
-100 
nA 


Zero Gate Voltage Drain Current 
lOSS 
VOS = Max Rating, VGS - OV 
- 
- 
250 
~A 


VOS = Max Rating x 0.8, VGS = OV, 
- 
- 
1000 
IJA 
TJ=+1250C 


On-State 
Drain Current (Note 2) 
10(ON) 
VOS> 
10(ON) x rOS(ON) Max, VGS = 10V 
IRFP140R,IRFP141R 
31 
- 
- 
A 


IRFP142R,IRFP143R 
27 
- 
- 
A 


Static Drain-Source 
On-State 
rOS(ON) 
VGS-10V,10 
-19A 
Resistance 
(Note 2) 
IRFP140R,IRFP141 
R 
- 
0.055 
0.077 
0 


IRFP142R,IRFP143R 
- 
0.077 
0.099 
0 


Forward Transconductance 
(Note 2) 
9fs 
VOS> 
50V, 10 - 19A 
9.3 
14 
- 
S(Ul 


Input Capacitance 
CISS 
VGS - OV,VOS - 25V, f - 1.0MHz 
- 
1275 
- 
pF 


Output Capacitance 
COSS 
See Figure 10 
- 
550 
- 
pF 


Reverse Transfer Capacitance 
CRSS 
- 
160 
- 
pF 


Turn-On 
OelayTime 
!dlONl 
VOO - 50V, 10 '" 28A, RG - 9.1 0, RO -1.80 
- 
15 
23 
ns 


Rise Time 
tr 
See Figure 16. (MOSFET sWitching times 
- 
72 
110 
ns 


Turn-Off 
Delay Time 
!d(OFF\ 
are essentially independent 
of operating 
- 
40 
60 
temperature) 
ns 


Fall Time 
tf 
- 
50 
75 
ns 


Total Gate Charge 
Og 
VGS - 1OV,IO - 34A, VOS - 0.8 Max 
- 
38 
59 
nC 
(Gate-Source 
+ Gate-Drain) 
Rating. See Figure 17 for test circuit. 


Gate-Source 
Charge 
OQS 
(Gate charge is essentially independent 
of 
- 
10 
- 
nC 


Gate-Drain 
("Miller") 
Charge 
0Qd 
operating temperature.) 
- 
21 
- 
nC 


Internal Drain Inductance 
LO 
Measured between 
Modified MOSFET 
- 
5.0 
- 
nH 
the contact screw on 
symbol showing the 
header that is closer 
internal device 
to source and gate 


'"~ 


pins and center 
of die. 


Internal Source Inductance 
LS 
Measured from the 
12.5 
- 
nH 
source lead, 6mm 
(0.25") from header 
LS 
and source bonding 
pad. 
S 


Junction-te-Case 
RaJC 
- 
- 
0.83 
°C/W 
Case-to-Sink 
Racs 
Mounting surface flat, smooth and greased 
- 
0.1 
- 
°C/W 
Junction-te-Ambient 
RaJA 
Free air operation 
- 
- 
30 
°C/W 


Continuous 
Source Current 
IS 
Modified MOSFET 


~ 


- 
- 
31 
A 
(Body Diode) 
symbol showing the 


Pulse Source Current 
ISM 
integral reverse 
- 
- 
120 
A 
(Body Diode) (Note 3) 
P-N junco rectifier. 


Diode Forward Voltage (Note 2) 
VSO 
TJ = +250C,IS 
=31A, 
VGS = OV 
- 
- 
2.5 
V 
Reverse Recovery Time 
trr 
TJ - +250C,IF 
- 28A, dlF/dt - 1OON~s 
70 
150 
300 
ns 
Reverse Recovered 
Charge 
°RR 
TJ - +250C, IF - 28A, dlF/dt - 1OON~s 
0.44 
0.91 
1.9 
~C 
Forward Turn-on 
Time 
tON 
Intrinsic turn-on 
time is negligible. Turn-on 
- 
- 
- 
- 
speed is substantially 
controlled 
by LS + Lo. 


NOTES: 
1. TJ = +2SoC to +1S00C 
2. Pulse Test: 
Pulse width < 300jJs, 
Duty Cycle 
~ 2% 


3. Repetitive Rating: 
Pulse width limited by max. 
junction 
temperature. 
See Transient 
Thermal 
Impedance 
Curve (Figure 5) 


4. VDD = 2SV. Start TJ = +2S0C, 
L = , 60~H, 


RGS = son, IpEAK = 31A. 
(See Figures 
14 & 1S) 
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Features 


• 34A and 40A, 60V - 100V 


• rDS(on) = 0.0550 
and 0.080 


• Single Pulse Avalanche Energy Rated* 


• SOA is Power-Dissipation 
Limited 


• Nanosecond Switching Speeds 


• Linear Transfer Characteristics 


• High Input Impedance 


Description 


The 
IRFP150, 
IRFP151, 
IRFP152, 
and 
IRFP153 
are 
n-channel enhancement-mode silicon-gate power field-effect 
transistors. IRFP150R, IRFP151R, IRFP152R, and IRFP153R 
types are advanced power MOSFETs designed, tested, and 
guaranteed to withstand a specified level of energy in the 
breakdown avalanche mode of operation. All of these power 
MOSFETs are designed for applications such as switching 
regulators, switching converters, motor drivers, relay drivers, 
and drivers for 
high-power 
bipolar 
switching transistors 
requiring high speed and low gate-drive power. These types 
can be operated directly from integrated circuits. 


The IRFP types are supplied in the JEDEC TO-247 plastic 
package. 


'RFP150/151/152/153 
'RFP150R/151R/152R/153R 


N-Channel Power MOSFETs 
Avalanche Energy Rated* 


TO-247 
TOP VIEW 


Terminal Diagram 


N-CHANNEL 
ENHANCEMENT 
MODE 


Drain-Source Voltage (1) 
VDS 
Drain-Gate Voltage (RGS = 20kO) (1) ..............•. 
VOGR 
Continuous Drain Current 
TC = +250C ....................................••. 
10 
TC =+1000C 
..••....•••...................•....... 
10 
Pulsed Drain Current (3) ....................•......... 
10M 
Gate-Source Voltage •.............................. 
VGS 
Maximum Power Dissipation 
TC = +250C .••...•......•..................•...... 
Po 
Unear Derating Factor ...............•••..•.............. 
Inductive Current, Clamped ...........•••............. 
ILM 
(See Figure 14, L = 1OO~H) 
Single Pulse Avalanche Energy Rating (4) 
Eas' 
Operating and Storage Junction 
TJ, TSTG 
Temperature Range 
Maximum Lead Temperature for Soldering 
TL 
(0.063" (1.6mm) from case for 10s) 


NOTES; 


I. TJ = +2SoC 
to +ISOoC. 


2. Pulse Test: 
Pulse width ~ 300J.ls. Duty Cycle.5 
2%. 


IRFP150 
IRFP151 
IRFP152 
IRFP153 
IRFP150R 
IRFP151R 
IRFP152R 
IRFP153R 
UNITS 


100 
60 
100 
60 
V 
100 
60 
100 
60 
V 


40 
40 
34 
34 
A 
26 
26 
22 
22 
A 
160 
160 
140 
140 
A 
±20 
±20 
±20 
±20 
V 


180 
180 
180 
180 
W 
1.44 
1.44 
1.44 
1.44 
W/oC 
170 
170 
140 
140 
A 


150 
150 
150 
150 
mJ 
-55to+150 
-55to+15O 
-55to+150 
-55 to +150 
°C 


300 
300 
300 
300 
°C 


3. Repetitive Rating: Pulse width limited by max. junction temperature. 
See 


Transient Thermal Impedance 
Curve (Figure 5). 


4. VOO = lOV, starting 
TJ = +2SoC, 
L = 170~H, 
RGS = son, 


IpEAK = 40A. See 
Figure 
15. 


UMITS 


CHARACTERISTIC 
SYMBOL 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Drain-Source 
Breakdown 
Voltage 
BVDSS 
VGS = OV, ID = 250/lA 
IRFP150/152,IRFP150R/152R 
100 
- 
- 
V 


IRFP151/153,IRFP151 
R/153R 
60 
- 
- 
V 


Gate Threshold Voltage 
VGSITHl 
VDS - VGS, ID - 250~A 
2.0 
- 
4.0 
V 


Gate-Source 
Leakage Forward 
IGSS 
VGS-20V 
- 
- 
500 
nA 


Gate-Source 
Leakage Reverse 
IGSS 
VGS--20V 
- 
- 
-SOO 
nA 


Zero Gate Voltage Drain Current 
IDSS 
VDS = Max Rating, VGS - OV 
- 
- 
250 
~A 


VDS = Max Rating x 0.8, VGS = OV, 
- 
- 
1000 
~A 
TC=+1250C 


On-State 
Drain Current (Note 2) 
ID(ON) 
VDS> 
ID(ON) x rDS(ON) Max, VGS - 10V 
IRFP150/151,IRFP150R/151 
R 
40 
- 
- 
A 


IRFP152/153,IRFP152R/153R 
34 
- 
- 
A 


Static Drain-Source 
On-State 
rDS(ON) 
VGS - 1OV,ID - 22A 
Resistance (Note 2) 
IRFP1501151,IRFP150R/151 
R 
- 
0.045 
0.055 
0 


IRFP1521153,IRFP152R/153R 
- 
0.06 
0.08 
0 


Forward Transconductance 
(Note 2) 
9fs 
VDS - 2 x VGS,ID - 20A 
13 
20 
- 
S(m 


Input Capacitance 
CISS 
VGS - OV,VDS - 25V, f = 1.0MHz 
- 
2000 
- 
pF 


Output Capacitance 
COSS 
See Figure 10 
- 
1000 
- 
pF 


Reverse Transfer Capacitance 
CRSS 
- 
350 
- 
pF 


Turn-On 
Delay Time 
tdlONl 
VDD - 50V,ID - 40A, RG - 6.80 
- 
15 
24 
ns 


RiseTime 
tr 
See Figure 16. (MOSFET switching 
times 
- 
140 
210 
ns 


Turn-Off 
Delay Time 
!d(OFFl 
are essentially independent 
of operating 
- 
60 
89 
temperature) 
ns 


Fall Time 
tf 
- 
90 
140 
ns 


Total Gate Charge 
Og 
VGS - 1OV,ID - 40A, VDS - 0.8 Max 
- 
70 
110 
nC 
(Gate-Source 
+ Gate-Drain) 
Rating. See Figure 17 for test circuit. 


Gate-Source 
Charge 
OgS 
(Gate charge is essentially independent 
of 
- 
20 
- 
nC 


Gate-Drain 
("Miller") 
Charge 
Ogd 
operating temperature.) 
- 
30 
- 
nC 


Internal Drain Inductance 
LD 
Measured between 
Modified MOSFET 
- 
5.0 
- 
nH 
the contact screw on 
symbol showing the 
header that is closer 
internal device 
to source and gate 
inductances. 
pins and center of 


~ 


center of die. 


Internal Source Inductance 
LS 
Measured from the 
- 
12.5 
- 
nH 
source lead, 6mm 
G 
I 
(0.25") from header 
LS 
and source bonding 
pad. 
S 


Junction-to-Case 
RaJC 
- 
0.70 
°C/W 
Case-to-Sink 
Racs 
Mounting surface flat, smooth and greased 
- 
0.1 
- 
oC/W 
Junction-to-Ambient 
RaJA 
Free air operation 
- 
- 
30 
oC/W 


Continuous 
Source Current 
IS 
Modified MOSFET 


~ 


- 
- 
40 
A 
(Body Diode) 
symbol showing the 


Pulse Source Current 
ISM 
integral reverse 
- 
- 
170 
A 
(Body Diode) (Note 3) 
P-N junco rectifier. 


Diode Forward Voltage (Note 2) 
VSD 
TJ = +250C,IS 
=40A, 
VGS = OV 
- 
- 
2.5 
V 
Reverse Recovery Time 
trr 
TJ - +250C, IF - 40A, dIF/dt- 
1OOAl~s 
98 
- 
530 
ns 
Reverse Recovered Charge 
°RR 
TJ = +250C,IF 
- 40A, dIF/dt-l00Al~s 
0.41 
- 
2.5 
~C 
Forward Turn-on Time 
tON 
Intrinsic turn-on time is negligible. Turn-on 
- 
- 
- 
- 
speed is substantially 
controlled 
by LS + LD. 


NOTES: 
1. TJ = +2SoC 
to +1S00C 
2. Pulse Test: Pulse width < 300~s, 
Duty Cycle ~2% 


3. Repetitive Rating: 
Pulse width limited by max. 
junction 
temperature. 
See Transient 
Thermal 
Impedance Curve (Figure 5) 
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IRFP240R, 
IRFP241 R 
IRFP242R, 
IRFP243R 
N-Channel Power MOSFETs 


Avalanche Energy Rated 


(I) HARRIS 


Features 


• 18A 
and 
20A, 
200V 
- 150V 


• rDS(on) 
= 0.180 
and 
0.220 


• Single 
Pulse 
Avalanche 
Energy 
Rated 


• SOA 
is Power-Dissipation 
Limited 


• Nanosecond 
Switching 
Speeds 


• Linear 
Transfer 
Characteristics 


• High 
Input 
Impedance 


Description 


The 
IRFP240R, 
IRFP241 
R, 
IRFP242R, 
and 
IRFP243R 
are 
advanced 
power 
MOSFETs 
designed, 
tested 
and guaranteed 
to 
withstand 
a specified 
level 
of 
energy 
in the 
breakdown 
avalanche 
mode 
of 
operation. 
These 
are 
n-channel 
enhancement-mode 
silicon-gate 
power 
field-effect 
transistors 
designed 
for 
applications 
such 
as 
switching 
regulators, 
switching 
converters, 
motor 
drivers, 
relay drivers, 
and drivers 


for 
high-power 
bipolar 
switching 
transistors 
requiring 
high 
speed 
and low gate-d 
rive power. 
These types 
can be operated 
directly 
from 
integrated 
circuits. 


The 
IRFP types 
are 
supplied 
in the 
JEDEC 
TO-247 
plastic 
package. 


TO-247 


TOP VIEW 


Terminal Diagram 


N-CHANNEL 
ENHANCEMENT 
MODE 


Drain-Source Voltage (1) 
VDS 
Drain-Gate Voltage (RGS = 20kO) (1) 
VDGR 
Continuous Drain Current 
TC = +250C 
10 
TC = + 100°C. 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 
10 
Pulsed Drain Current (3) 
10M 
Gate-Source Voltage 
VGS 
Maximum Power Dissipation 
TC = +250C 
Po 
Unear Derating Factor 
. 


Single Pulse Avalanche Energy Rating (4) 
Eas 
Operating and Storage Junction 
TJ, TSTG 
Temperature Range 
Maximum Lead Temperature for Soldering 
TL 
(0.063" (1.6mm) from case for 1Os) 


NOTES: 


1. TJ = +250C 
to +1500C. 


2. Pulse Test: 
Pulse width 
~ 300~s, 
Duty Cycle S 2%. 


3. Repetitive 
Rating: 
Pulse width 
limited 
by max. junction 
temperature. 
See 
Transient 
Thermal 
Impedance 
Curve (Figure 
5). 
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IRFP242R 
IRFP243R 


200 
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200 
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120 
150 


20 
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18 
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12 
12 
11 
11 
80 
80 
72 
72 


±20 
±20 
±20 
±20 


150 
150 
150 
150 
1.2 
1.2 
1.2 
1.2 


510 
510 
510 
510 
-55to+150 
-55to+150 
-55 to +150 
-55to+150 


300 
300 
300 
300 


UNITS 


V 
V 


W 
W/oC 
mJ 
°C 


4. VDD = 50V, starting 
TJ = +250C, 
L = 1.9mH, 
RGS = son, 


IpEAK = 20A. See Figures 
14 and 15. 
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•.••w 
w ••.• 
ztn 
zCl 
<::IE 
:Ca: 
Uw 
':;I: 
ZClll. 


, 
- 
r ___:~:__ 
..11..~_ 
- __ 


Drain-Source 
Breakdown Voltage 
BVOSS 
VGS = OV,10= 250lJA 
IRFP240R,IRFP242R 
200 
- 
- 
V 


IRFP241 R, IRFP243R 
150 
- 
- 
V 


Gate Threshold Voltage 
VGSITHl 
VOS - VGS, 10 - 250~A 
2.0 
- 
4.0 
V 


Gate-Source Leakage Forward 
IGSS 
VGS-20V 
- 
- 
100 
nA 


Gate-Source Leakage Reverse 
IGSS 
VGS--20V 
- 
- 
-100 
nA 


Zero Gate Voltage Drain Current 
lOSS 
VOS - Max Rating, VGS - OV 
- 
- 
250 
~A 


VOS - Max Rating x 0.8, VGS - OV, 
- 
- 
1000 
lJA 
TJ = +1250C 


On-State Drain Current (Note 2) 
10(ON) 
VOS> 10(ON) x rOS(ON) Max, VGS = 11V 
IRFP240R, IRFP241 R 
20 
- 
- 
A 


IRFP242R,IRFP243R 
18 
- 
- 
A 


Static Drain-Source 
On-State 
rOS(ON) 
VGS-10V,10-10A 
Resistance (Note 2) 
IRFP240R,IRFP241R 
- 
0.14 
0.18 
0 


IRFP242R,IRFP243R 
- 
0.20 
0.22 
0 


Forward Transconductance 
(Note 2) 
9fs 
VOS> 50V, 10-11A 
7.3 
11 
- 
Sm) 


Input Capacitance 
CISS 
VGS - OV,VOS - 25V, f - 1.0MHz 
- 
1275 
- 
pF 


Output Capacitance 
COSS 
See Figure 10 
- 
500 
- 
pF 


Reverse Transfer Capacitance 
CRSS 
- 
160 
- 
pF 


Turn-On OelayTime 
tdlONl 
VOO -100V,10 
-18A,RG 
- 9.10 
- 
14 
21 
ns 


RiseTime 
tr 
See Figure 16. (MOSFET switching times 
- 
51 
77 
ns 


Turn-Off Delay Time 
lctlOFFl 
are essentially independent of operating 
- 
45 
68 
ns 
temperature) 
Fall Time 
tf 
- 
36 
54 
ns 


Total Gate Charge 
Qg 
VGS - 10V, 10 - 18A, VOS - 0.8 Max 
- 
43 
60 
nC 
(Gate-Source + Gate-Drain) 
Rating. See Figure 17 for test circuil. 


Gate-Source Charge 
QQS 
(Gate charge is essentially independent of 
- 
10 
- 
nC 


Gate-Drain ("Miller") Charge 
QQd 
operating temperature.) 
- 
32 
- 
nC 


Internal Drain Inductance 
LO 
Measured between 
Modified MOSFET 
- 
5.0 
- 
nH 
the contact screw on 
symbol showing the 
header that is closer 
internal device 
to source and gate .~ 


pins and center 
of die. 


Internal Source Inductance 
LS 
Measured from the 
- 
12.5 
- 
nH 
source lead, 6mm 
G 
I 


(0.25") from header 
LS 
and source bonding 
pad. 
S 


Junction-te-Case 
RaJC 
- 
- 
0.83 
°CIW 
Case-to-Sink 
Racs 
Mounting surface fiat, smooth and greased 
- 
0.1 
- 
°CIW 
Junction-te-Ambient 
RaJA 
Free air operation 
- 
- 
30 
°CIW 


Continuous Source Current 
IS 
Modified MOSFET 


~ 


- 
- 
20 
A 
(Body Diode) 
symbol showing the 


Pulse Source Current 
ISM 
integral reverse 
- 
- 
80 
A 
(Body Diode) (Note 3) 
P-N junco rectifier. 


Diode Forward Voltage (Note 2) 
VSO 
TJ = +250C, IS = 18A, VGS = OV 
- 
- 
2.0 
V 
Reverse Recovery Time 
trr 
TJ - +250C, IF - 18A, dlF/dt - 1OON~s 
120 
250 
530 
ns 
Reverse Recovered Charge 
QRR 
TJ - +250C, IF - 18A, dlF/dt - 1OON~s 
1.3 
2.6 
5.6 
~C 
Forward Turn-on Time 
tON 
Intrinsic turn-on time is negligible. Turn-on 
- 
- 
- 
- 
speed is substantially controlled by LS + Lo. 


NOTES: 
1. TJ - 
+2SoC 
to +1S00C 
2. Pulse Tesl: 
Pulse width 
.:5. 300,.5, 
Outy Cycle 
~ 2% 


3. Repetitive Rating: 
Pulse width limiteo by max. 
junction 
temperature. 
See Transient 
Thermal 


Impedance 
Curve (Figure 5) 


4. VOO = SOY, Start 
TJ = +2SoC, 
L = 1.9mH, 


RGS = son, IpEAK = 20A. 
(See Figures 14 & 1S) 
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VS DRAIN CURRENT 
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IRFP244. IRFP245 


Features 


• 15A 
and 
14A, 
275V 
- 250V 


• rDS(on) 
= O.2Sn 
and 
O.34n 


• Single 
Pulse 
Avalanche 
Energy 
Rated 


• SOA 
is Power-Dissipation 
Limited 


• Nanosecond 
Switching 
Speeds 


• Linear 
Transfer 
Characteristics 


TO-247 
TOP VIEW 


• High 
Input 
Impedance 


• 275V, 
250V 
DC Rated 
- 120V 
AC Line System 
Operation 


Description 


The 
IRFP244, 
IRFP245, 
IRFP246, 
and 
IRFP247 
are 
advanced 
power 
MOSFETs 
designed, 
tested 
and guaranteed 
to 
withstand 
a specified 
level 
of 
energy 
in the 
breakdown 
avalanche 
mode 
of 
operation. 
These 
are 
n-channel 
enhancement-mode 
silicon-gate 
power 
field-effect 
transistors 
designed 
for 
applications 
such 
as 
switching 
regulators, 
switching 
converters, 
motor 
drivers, 
relay 
drivers, 
and 
drivers 
for 
high-power 
bipolar 
switching 
transistors 
requiring 
high 
speed 
and low gate-drive 
power. 
These types 
can be operated 
directly 
from 
integrated 
circuits. 


The 
IRFP 
types 
are 
supplied 
in the 
JEDEC 
TO-247 
plastic 
package. 


Terminal Diagram 


N-CHANNEL 
ENHANCEMENT 
MODE 


Drain-Source Voltage (1) 
VOS 
Drain-Gate Voltage (RGS = 20kl1) (1) 
VOGR 
Continuous Drain Current 
TC = +250C 
10 
TC = +1000C 
10 
Pulsed Drain Current (3) 
10M 
Gate-Source Voltage 
VGS 
Maximum Power Dissipation 
TC = +250C 
Po 
Unear Derating Factor 
. 


Single Pulse Avalanche Energy Rating (4) 
Eas 
Operating and Storage Junction 
TJ, TSTG 
Temperature Range 
Maximum Lead Temperature for Soldering 
TL 
(0.063" (1.6mm) from case for 10s) 


IRFP244 
IRFP245 
IRFP246 
IRFP247 


250 
250 
275 
275 


250 
250 
275 
275 


15 
14 
15 
14 


9.7 
8.8 
9.7 
8.8 
60 
56 
60 
56 
±20 
±20 
±20 
±20 


150 
150 
150 
150 
1.2 
1.2 
1.2 
1.2 
550 
550 
550 
550 
-55to+150 
-55to+15O 
-55 to +150 
-55to+150 


300 
300 
300 
300 


NOTES: 


1. TJ = +250C 
to +1500C. 


2. Pulse Test: 
Pulse width ~ 300jlS, 
Duty Cycle ~ 2%. 


3. Repetitive Rating: Pulse width limited by max. junction temperature. 
See 
Transient 
Thermal 
Impedance 
Curve (Figure 
5). 


4. VOO = 50V, starting 
TJ = +250C. 
L = 4.0mH, Ras 
= 25n, 


IpEAK = 15A. See Figures 
14 and 15. 


UNITS 


V 
V 


W 
W/oC 
mJ 
°c 


ILiMITS 


CHARACTERISTIC 
SYMBOL 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Orain-Source 
Breakdown Voltage 
BVOSS 
VGS = OV,lo = 2501lA 
IRFP244,IRFP245 
250 
- 
- 
V 


IRFP246,IRFP247 
275 
- 
- 
V 


Gate Threshold Voltage 
VGSITHl 
VOS - VGS, 10 - 250~A 
2.0 
- 
4.0 
V 


Gate-Source Leakage Forward 
'GSS 
VGS-20V 
- 
- 
500 
nA 


Gate-Source Leakage Reverse 
IGSS 
VGS--20V 
- 
- 
-SOO 
nA 


Zero Gate Voltage Orain Current 
lOSS 
VOS - Max Rating, VGS - OV 
- 
- 
250 
IlA 


VOS - Max Rating x 0.8, VGS - OV, 
- 
- 
1000 
IlA 
TC=+1250C 


On-State Orain Current (Note 2) 
10(ON) 
VOS> 10(ON) x rOS(ON) Max, VGS = 10V 
IRFP244,IRFP246 
15 
- 
- 
A 


IRFP245,IRFP247 
14 
- 
- 
A 


Static Orain-Source On-State 
rOS(ON) 
VGS-l0V,10-l0A 
Resistance (Note 2) 
IRFP244,IRFP246 
- 
0.20 
0.28 
0 


IRFP245,IRFP247 
- 
0.24 
0.34 
V 


Forward Transconductance 
(Note 2) 
9fs 
VOS> 50V, 10- lOA 
6.7 
11 
- 
Sm) 


Input Capacitance 
CISS 
VGS - OV,VOS - 25V, f - 1.0MHz 
- 
1300 
- 
pF 


Output Capacitance 
COSS 
See Figure 10 
- 
320 
- 
pF 


Reverse Transfer Capacitance 
CRSS 
- 
69 
- 
pF 


Turn-On OelayTime 
tdlONl 
VDD -125V,ID 
-15A, 
RG -9.10, 
- 
16 
24 
ns 


Rise Time 
tr 
See Figure 16. (MOSFET switching times 
- 
67 
100 
ns 


Turn-Off OelayTime 
!dlOFFl 
are essentially independent of operating 
- 
53 
80 
temperature) 
ns 


Fall Time 
tf 
- 
49 
74 
ns 


Total Gate Charge 
Qg 
VGS = 10V,I0 - 15A, VOS - 0.8 Max 
- 
39 
59 
nC 
(Gate-Source + Gate-Orain) 
Rating. See Figure 17 for test circuil. 


Gate-Source Charge 
QqS 
(Gate charge is essentially independent of 
- 
6.6 
- 
nC 


Gate-Orain ("Miller") Charge 
Qqd 
operating temperature.) 
- 
20 
- 
nC 
Internal Orain Inductance 
LO 
Measured from 
Modified MOSFET 
- 
5.0 
- 
nH 
the drain lead, 
symbol showing the 
6mm(0.25") 
internal device 
from package 
'"~ 


to center of 
die. 


Internal Source Inductance 
LS 
Measured from the 
- 
12.5 
- 
nH 
source lead, 6mm 
G 
I 


(0.25") from package 
LS 
to source bonding 
pad. 
S 


Junction-te-Case 
RaJC 
- 
- 
0.83 
°CIW 
Case-t:>-Sink 
Racs 
Mounting surface flat, smooth and greased 
- 
0.1 
- 
°CIW 
Junction-te-Ambient 
RaJA 
Free air operation 
- 
- 
30 
°CIW 


Continuous Source Current 
IS 
Modified MOSFET 


~ 


- 
- 
15 
A 
(Body Diode) 
symbol showing the 


Pulse Source Current 
ISM 
integral reverse 
- 
- 
60 
A 
(Body Oiode) (Note 3) 
P-N junco rectifier. 


Oiode Forward Voltage (Note 2) 
VSO 
TJ = +250C,IS 
= 15A, VGS = OV 
- 
- 
1.8 
V 
Reverse Recovery Time 
trr 
TJ - +250C,IF 
-14A, 
dlF/dt -l00A/~s 
150 
300 
640 
ns 
Reverse Recovered Charge 
QRR 
TJ - +250C, IF - 14A, dlF/dt - 1OOAl~s 
1.6 
3.4 
7.2 
~C 
Forward Turn-on Time 
tON 
Intrinsic turn-on time is negligible. Turn-on 
- 
- 
- 


speed is substantially controlled by LS + LO. 


NOTES: 
1. TJ = +250C 
to +1500C 
2. Pulse Test: 
Pulse width < 300~s, 
Duty Cycle ~ 2% 


3. Repetitive Rating: 
Pulse width limited by max. 


junction 
temperature. 
See Transient 
Thermal 
Impedance 
Curve (Figure 5) 


4. VDD = 50V. Start TJ = +250C, 
L = 4.0mH, 


RGS = 250, 
IpEAK = 15A. 


(See Figures 
14 & 15) 
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Fig. 12 - Typical on-resistance 
vs. drain current. 
Fig. 13 - Maximum drain current vs case temperature. 
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Fig. 14 - Unclamped energy test circuit. 
Fig. 15 - Unclamped energy waveforms. 
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mHARRIS 


Features 


• 27A 
and 
33A, 
150V 
- 200V 


• rDS(on) 
= 0.0850 
and 
0.1200 


• Single 
Pulse 
Avalanche 
Energy 
Rated* 


• SOA 
is Power-Dissipation 
Limited 


• Nanosecond 
Switching 
Speeds 


• Linear 
Transfer 
Characteristics 


• High 
Input 
Impedance 


Description 


The 
IRFP250, 
IRFP251, 
IRFP252, 
and 
IRFP253 
are 
n-channel 
enhancement-mode 
silicon-gate 
power 
field-effect 
transistors. 
IRFP250R, 
IRFP251 R, IRFP252R, 
and 
IRFP253R 
types 
are advanced 
power 
MOSFETs 
designed, 
tested, 
and 
guaranteed 
to 
withstand 
a specified 
level 
of 
energy 
in the 
breakdown 
avalanche 
mode 
of operation. 
All of these 
power 
MOSFETs 
are 
designed 
for 
applications 
such 
as sWitching 
regulators, 
switching 
converters, 
motor 
drivers, 
relay 
drivers, 
and 
drivers 
for 
high-power 
bipolar 
switching 
transistors 
requiring 
high 
speed 
and 
low 
gate-drive 
power. 
These 
types 
can 
be operated 
directly 
from 
integrated 
circuits. 


The 
IRFP types 
are 
supplied 
in the 
JEDEC 
TO-247 
plastic 
package. 


'RFP250/251/252/253 
'RFP250R/251R/252R/253R 


N-Channel Power MOSFETs 
Avalanche Energy Rated* 


TO-247 
TOP VIEW 


OM~~ 


(TAB) o 
Ie 


: SOURCE 


DRAIN 


GATE 


Terminal Diagram 


N-CHANNEl 
ENHANCEMENT 
MODE 


Drain-Source Voltage (1) 
VOS 
Drain-Gate Voltage (RGS = 20kO) (1) 
VOGR 
Continuous Drain Current 
TC = +250C 
10 
TC = +1 OOoC..............................•....... 
10 
Pulsed Drain Current (3) 
10M 
Gate-Source Voltage 
VGS 
Maximum Power Dissipation 
TC = +250C 
Po 
Linear Derating Factor 
. 
Inductive Current, Clamped 
IlM 
(See Figure 14, l = 1OO~H) 
Single Pulse Avalanche Energy Rating (4) 
Eas' 
Operating and Storage Junction 
TJ, TSTG 
Temperature Range 
. 


Maximum lead Temperature for Soldering 
Tl 
(0.063" (1.6mm) from case for 10s) 


NOTES: 


1. TJ = +250C 
to +1500C. 


2. Pulse Test: 
Pulse width 
~ 300ps. 
Duty Cycle ~ 2'110. 


IRFP250 
IRFP251 
IRFP252 
IRFP253 
IRFP250R 
IRFP251R 
IRFP252R 
IRFP253R 
UNITS 


200 
150 
200 
150 
V 
200 
150 
200 
150 
V 


33 
33 
27 
27 
A 
21 
21 
17 
17 
A 
130 
130 
110 
110 
A 
±20 
±20 
±20 
±20 
V 


180 
180 
180 
180 
W 
1.44 
1.44 
1.44 
1.44 
WloC 
120 
120 
100 
100 
A 


810 
810 
810 
810 
mJ 
-55to+150 
-55to 
+150 
-55 to +150 
-55 to +150 
°c 


300 
300 
300 
300 
°c 


3. Repetitive 
Rating: 
Pulse width 
limited 
by max. junction 
temperature. 
See 
Transient Thermal Impedance 
Curve (Figure 5). 


4. VDD = 50V. starting TJ = +250C. 
L = 1.1mH, RGS = 50n, 


IpEAK = 33A. See Figure 15. 
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LIMITS 


CHARACTERISTIC 
SYMBOL 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Drain-Source 
Breakdown 
Voltage 
BVOSS 
VGS = OV,IO = 2501JA 
IRFP250/252,IRFP250R/252R 
200 
- 
- 
V 


IRFP251/253,IRFP251 
R/253R 
150 
- 
- 
V 


Gate Threshold Voltage 
VGSfTHl 
VOS = VGS, 10 = 2SOflA 
2.0 
- 
4.0 
V 


Gate-Source 
Leakage Forward 
IGSS 
VGS - 20V 
- 
- 
500 
nA 


Gate-Source 
Leakage Reverse 
IGSS 
VGS=-20V 
- 
- 
-SOO 
nA 


Zero Gate Voltage Orain Current 
lOSS 
VOS = Max Rating, VGS = OV 
- 
- 
250 
flA 


VOS = Max Rating x 0.8, VGS = OV, 
- 
- 
1000 
IJA 
TC=+1250C 


On-State 
Orain Current (Note 2) 
10(ON) 
VOS> 
10(ON) x rOS(ON) Max, VGS - 10V 
IRFP250/251,IRFP250R/251 
R 
33 
- 
- 
A 


IRFP252/253,IRFP252R/253R 
27 
- 
- 
A 


Static Orain-Source 
On-State 
rOS(ON) 
VGS -10V,10 
-17A 
Resistance (Note 2) 
IRFP250/251,IRFP250R/251 
R 
- 
0.07 
0.085 
0 


IRFP252/253,IRFP252R/253R 
- 
0.09 
0.120 
0 


Forward Transconductance 
(Note 2) 
9fs 
VOS> 
50V,I0 
-17A 
13 
19 
- 
S(Ul 


Input Capacitance 
CISS 
VGS - OV,VOS - 25V, f - 1.0MHz 
- 
2000 
- 
pF 


Output Capacitance 
COSS 
See Figure 10 
- 
800 
- 
pF 


Reverse Transfer Capacitance 
CRSS 
- 
300 
- 
pF 


Turn-On 
OelayTime 
tdlONl 
VOO - 1OOV,IO - 30A, RG - 6.20 
- 
18 
30 
ns 


Rise Time 
tr 
See Figure 16. (MOSFET switching 
times 
- 
125 
180 
ns 


Turn-Off 
Oelay Time 
'dIOFFl 
are essentially independent 
of operating 
- 
70 
100 
temperature) 
ns 


Fall Time 
tf 
- 
80 
120 
ns 


Total Gate Charge 
Og 
VGS -10V,10 
- 30A, VOS - 0.8 Max 
- 
79 
120 
nC 
(Gate-Source 
+ Gate-Orain) 
Rating. See Figure 17 for test circuit. 


Gate-Source 
Charge 
Oas 
(Gate charge is essentially independent 
of 
- 
12 
- 
nC 


Gate-Orain 
("Miller") 
Charge 
°!1d 
operating temperature.) 
- 
42 
- 
nC 


Internal Orain Inductance 
LO 
Measured between 
Modified MOSFET 
- 
5.0 
- 
nH 
the contact screw on 
symbol showing the 
header that is closer 
internal device 
to source and gate 
inductances. 


pins and center of 


~ 


center of die. 


Internal Source Inductance 
LS 
Measured from the 
- 
12.5 
- 
nH 
source lead, 6mm 
G 
I 
(0.25") from header 
LS 
and source bonding 
pad. 
S 


Junction-to-Case 
RElJC 
- 
- 
0.70 
°C/W 
Case-to-Sink 
Racs 
Mounting surface flat, smooth and greased 
- 
0.1 
- 
oC/W 
Junction-to-Ambient 
RaJA 
Free air operation 
- 
- 
30 
oC/W 


Continuous 
Source Current 
IS 
Modified MOSFET 


~ 


- 
- 
33 
A 
(Body Oiode) 
symbol showing the 


Pulse Source Current 
ISM 
integral reverse 
- 
- 
130 
A 
(Body Oiode) (Note 3) 
P-N junco rectifier. 


Oiode Forward Voltage (Note 2) 
VSO 
TJ - +250C,IS 
- 33A, VGS = OV 
- 
- 
2.0 
V 
Reverse Recovery Time 
trr 
TJ 
+250C,IF 
- 30A, dlF/dt - 100Alfls 
140 
- 
630 
ns 
Reverse Recovered Charge 
°RR 
TJ - +250C,IF 
- 3OA,dlF/dt 
-100Alfls 
1.8 
8.1 
flC 
Forward Turn on Time 
tON 
Intrinsic turn-on 
time is negligible. Turn-on 
- 
- 
- 
- 
speed is substantially 
controlled 
by LS + LO. 


NO,ES, 1. lJ = +2SoC to +1S00C 
2. Pulse Test: 
Pulse wKHh ..:5.300J.ls. 
Duty Cycle::; 2% 


3. Repetitive Rating: 
Pulse width limited by max. 
junction 
temperature. 
See Transient 
Thermal 
Impedance 
Curve (Figure 5) 
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IRFP254, IRFP255 
IRFP256,IRFP257 


N-Channel 
Power MOSFETs 


Avalanche 
Energy Rated 


mJHARRIS 


Features 


• 21A and 23A, 250V and 275V 


• rDS(on) = 0.140 
and 0.170 


• Single Pulse Avalanche Energy Rated 


• SOA is Power-Dissipation 
Limited 


• Nanosecond Switching Speeds 


• Linear Transfer Characteristics 


TO-247 
TOP VIEW 


• High Input Impedance 


• 250V, 275V DC Rated - 120V AC Line System Operation 


Description 


The 
IRFP254, 
IRFP255, 
IRFP256, 
and 
IRFP257 
are 
advanced power MOSFETsdesigned, tested and guaranteed 
to withstand a specified level of energy in the breakdown 
avalanche 
mode 
of 
operation. 
These 
are 
n-channel 
enhancement-mode silicon-gate power field-effect transistors 
designed for 
applications 
such as switching 
regulators, 


switching converters, motor drivers, relay drivers, and drivers 
for high-power bipolar switching transistors requiring high 
speed and low gate-drive power.Thesetypes can be operated 
directly from integrated circuits. 


The IRFP types are supplied in the JEDEC TO-247 plastic 
package. 


Terminal Diagram 


N-CHANNEL 
ENHANCEMENT 
MODE 


Drain-Source Voltage (1) .....•.......•...•......••.. 
VDS 
Drain-Gate Voltage (RGS = 20kO) (1) ...•......••••.. 
VDGR 
Continuous Drain Current 
TC = +250C •.....•......••........................ 
10 
TC=+1000C 
.....................•••........•••... 
10 
Pulsed Drain Current (3) .........................••... 
10M 
Gate-Source Voltage 
....................•.......... 
VGS 
Maximum Power Dissipation 
TC = +250C .......................••.........•.•.. 
Po 
Linear Derating Factor ..........................•........ 
Single Pulse Avalanche Energy Rating (4) 
Eas 
Operating and Storage Junction 
TJ. TSTG 
Temperature Range 
Maximum Lead Temperature for Soldering 
TL 
(0.063" (1.6mm) from case for 1Os) 


IRFP254 
IRFP255 
IRFP256 
IRFP257 


250 
250 
275 
275 
250 
250 
275 
275 


23 
21 
23 
21 
15 
13 
15 
13 


92 
84 
92 
84 


±20 
±20 
±20 
±20 


180 
180 
180 
180 


1.44 
1.44 
1.44 
1.44 


1000 
1000 
1000 
1000 


-55to+150 
-55to+150 
-55 to +150 
-55 to +150 


300 
300 
300 
300 


NOTES: 


1. TJ = +250C to +1500C. 


2. Pulse Test: Pulse width ~ 300~s, Duty Cycle ~ 2%. 


3. Repetitive Rating: Pulse width limited by max. junction temperature. 
See 
Transient Thermal 
Impedance 
CUr'V9 (Figure 5). 


UNITS 


V 
V 


W 
W/oC 


mJ 
°C 


UMITS 


CHARACTERISTIC 
SYMBOL 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Drain-Source 
Breakdown 
Voltage 
BVOSS 
VGS = OV,IO = 250jlA 
IRFP254,IRFP255 
250 
- 
- 
V 


IRFP256,IRFP257 
275 
- 
- 
V 


Gate Threshold Voltage 
VGSITHI 
VOS - VGS, 10 - 250~A 
2.0 
- 
4.0 
V 


Gate-Source 
Leakage Forward 
IGSS 
VGS- 
20V 
- 
500 
nA 


Gate-Source 
Leakage Reverse 
IGSS 
VGS--20V 
- 
- 
-500 
nA 


Zero Gate Voltage Drain Current 
lOSS 
VOS - Max Rating, VGS - OV 
- 
- 
250 
~A 


VOS - Max Rating x 0.8, VGS - OV, 
- 
- 
1000 
jlA 
TC=+1250C 


On-State 
Drain Current (Note 2) 
10(ON) 
VOS> 
10(ON) xrOS(ON) 
Max, VGS = 10V 
IRFP254,IRFP256 
23 
- 
- 
A 


IRFP255,IRFP257 
21 
- 
- 
A 


Static Drain-Source 
On-State 
rOS(ON) 
VGS-l0V,10-13A 
Resistance (Note 2) 
IRFP254,IRFP256 
- 
0.11 
0.14 
0 


IRFP255,IRFP257 
- 
0.14 
0.17 
V 


Forward Transconductance 
(Note 2) 
9fs 
VOS> 
50V, 10 = 13A 
11 
17 
- 
Sm) 


Input Capacitance 
CISS 
VGS = OV,VOS = 25V, f = 1.0MHz 
- 
2700 
- 
pF 


Output Capacitance 
COSS 
See Figure 10 
- 
580 
- 
pF 


Reverse Transfer Capacitance 
CRSS 
- 
130 
- 
pF 


Turn-On 
Delay Time 
tdlONI 
VOO = 125V, 10 = 23A, RG = 6.20, 
- 
19 
29 
ns 


RiseTime 
tr 
See Figure 16. (MOSFET switching 
times 
- 
84 
130 
ns 


Turn-Off 
Delay Time 
!dtOFFI 
are essentially independent 
of operating 
- 
75 
110 
temperature) 
ns 


Fall Time 
tf 
- 
65 
98 
ns 


Total Gate Charge 
Qg 
VGS - 1OV,IO - 23A, VOS - 0.8 Max 
- 
87 
130 
nC 
(Gate-Source 
+ Gate-Drain) 
Rating. See Figure 17 for test circuit 


Gate-Source 
Charge 
QQS 
(Gate charge is essentially independent 
of 
- 
14 
- 
nC 


Gate-Drain 
("Miller") 
Charge 
QQd 
operating temperature.) 
- 
73 
- 
nC 


Internal Drain Inductance 
LO 
Measured from 
Modified MOSFET 
- 
5.0 
- 
nH 
the drain lead, 
symbol showing the 
6mm(0.25") 
internal device 
from package .~ 


to center of 
die. 


Internal Source Inductance 
LS 
Measured from the 
- 
12.5 
- 
nH 
source lead, 6mm 
G 
I 


(0.25") from package 
LS 
to source bonding 
pad. 
S 


Junction-ta-Case 
R9JC 
- 
- 
0.70 
°C/W 
Case-to-Sink 
Racs 
Mounting surface flat, smooth and greased 
- 
0.10 
- 
°C/W 
Junction-ta-Ambient 
RaJA 
Free air operation 
- 
- 
30 
°C/W 


Continuous 
Source Current 
IS 
Modified MOSFET 


~ 


- 
- 
23 
A 
(Body Diode) 
symbol showing the 


Pulse Source Current 
ISM 
integral reverse 
- 
- 
92 
A 
(Body Diode) (Note 3) 
P-N junco rectifier. 


Diode Forward Voltage (Note 2) 
VSO 
TJ = +250C, 
IS = 23A, VGS = OV 
- 
- 
1.8 
V 
Reverse Recovery Time 
trr 
TJ - +250C, 
IF - 22A, dlF/dt - 1OON~s 
150 
310 
650 
ns 
Reverse Recovered 
Charge 
QRR 
TJ - +250C, 
IF - 22A, dlF/dt - 1OON~s 
1.9 
4 
8.4 
~C 
Forward Turn-on 
Time 
tON 
Intrinsic turn-on 
time is negligible. Turn-on 
- 
- 
- 
speed is substantially 
controlled 
by LS + Lo. 


NOTES: 
1. TJ = +2Soc to +1S00C 
2. Pulse Test: 
Pulse width 
~ 300~s. 


Duty Cycle ~ 2% 


3. Repetitive Rating: 
Pulse width limited by max. 


junction 
temperature. 
See Transient 
Thermal 
Impedance 
Curve (Figure 5) 


4. VDD = SOV, Start TJ = +2SoC, 
L = 3.1 mHo 


RGS = 2S0, 
IpEAK = 23A. 
(See Figures 
14 & 1S) 
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Fig. 12 - Typical on-resistance 
vs. drain current. 
Fig. 13 - Maximum 
drain current 
vs case temperature. 
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Em HARRIS 
IRFP340R, IRFP341 R 
IRFP342R, IRFP343R 
N-Channel 
Power MOSFETs 
Avalanche 
Energy Rated 


Features 


• 11A and 8.7A, 350V and 400V 


• rDS(on) = 0.550 
and 0.800 


• Single Pulse Avalanche Energy Rated 


• SOA is Power-Dissipation 
Limited 


• Nanosecond Switching Speeds 


• Linear Transfer Characteristics 


• High Input Impedance 


Description 


The IRFP340R, IRFP341R, IRFP342R, and IRFP343R are 
advanced power MOSFETs designed. tested and guaranteed 
to withstand a specified level of energy in the breakdown 
avalanche 
mode 
of 
operation. 
These 
are 
n-channel 
enhancement-mode silicon-gate power field-effect transistors 
designed for 
applications 
such 
as switching 
regulators, 
switching converters, motor drivers, relay drivers, and drivers 
for high-power bipolar switching transistors requiring high 
speed and low gate-drive power. Thesetypes can be operated 
directly from integrated circuits. 


The IRFP types are supplied in the JEDEC TO-247 plastic 
package. 


TO-247 
TOP VIEW 


Terminal Diagram 


N-CHANNEL 
ENHANCEMENT 
MODE 


Drain-Source Voltage (1) 
VDS 
Drain-Gate Voltage (RGS = 20kfl) (1) 
VDGR 
Continuous Drain Current 
TC = +250C ...•...........................•....... 
ID 
TC = +1000C ........•................•............ 
ID 
Pulsed Drain Current (3) •••...............•........... 
10M 
Gate-Source Vo~age .........................•..... 
VGS 
Maximum Power Dissipation 
TC = +250C 
PD 
Unear Derating Factor ........••••......................• 
Single Pulse Avalanche Energy Rating (4) 
Eas 
Operating and Storage Junction •................. 
TJ, TSTG 
Temperature Range 
Maximum Lead Temperature for Soldering .............•• 
TL 
(0.063" (1.6mm) from case for 10s) 


NOTES: 


1. TJ = +250c to +1500C. 


2. Pulse Test: Pulse width ~ 300~s. Duty Cycle ~ 2%. 


3. Repetitive Rating: Pulse width limited by max. junction temperature. 
See 
Transient 
Thermal 
Impedance 
Curve (Figure 
5). 


IRFP340R 
IRFP341R 
IRFP342R 
IRFP343R 


400 
350 
400 
350 
400 
350 
400 
350 


11 
11 
8.7 
8.7 
6.8 
6.8 
5.5 
5.5 
44 
44 
35 
35 
±20 
±20 
±20 
±20 


150 
150 
150 
150 
1.2 
1.2 
1.2 
1.2 
480 
480 
480 
480 
-55to+150 
-55to+150 
-55 to +150 
-55 to +150 


300 
300 
300 
300 


UNITS 


V 
V 


W 
W/oC 
mJ 
°C 


~ 
........ 
w u.. 
~C;') 
zCl 
coi: 
:Ca: 
u •.•• 
':3; 
z~ 


UMITS 


CHARACTERISTIC 
SYMBOL 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Drain-Source 
Breakdown Voltage 
BVDSS 
VGS = OV,IO = 250tJA 
IRFP340R,IRFP342R 
400 
- 
- 
V 


IRFP341 R,IRFP343R 
350 
- 
- 
V 


Gate Threshold Voltage 
VGSfTHl 
VOS - VGS, 10- 250IIA 
2.0 
- 
4.0 
V 


Gate-Source Leakage Forward 
IGSS 
VGS-20V 
- 
100 
nA 


Gate-Source Leakage Reverse 
IGSS 
VGS--20V 
- 
- 
-100 
nA 


Zero Gate Voltage Drain Current 
IDSS 
VOS - Max Rating, VGS - OV 
- 
250 
tJA 


VDS - Max Rating x 0.8, VGS - OV, 
- 
- 
1000 
IIA 
TJ = +1250C 


On-State Drain Current (Note 2) 
ID(ON) 
VOS> 10(ON) x rDS(ON) Max, VGS = 10V 
IRFP340R,IRFP341 
R 
11 
- 
- 
A 


IRFP342R,IRFP343R 
8.7 
- 
- 
A 


Static Drain-Source 
On-State 
rDS(ON) 
VGS-10V,10 
- 5.5A 
Resistance (Note 2) 
IRFP340R, IRFP341 R 
- 
0.47 
0.55 
n 


IRFP342R,IRFP343R 
- 
0.68 
0.80 
n 


Forward Transconductance 
(Note 2) 
9fs 
VOS> 50V, 10- 5.5A 
6.1 
9.1 
- 
SlU) 


Input Capacitance 
CISS 
VGS - OV,VDS = 25V, f - 1.0MHz 
- 
1250 
- 
pF 


Output Capacitance 
COSS 
See Figure 10 
- 
300 
- 
pF 


Reverse Transfer Capacitance 
CRSS 
- 
80 
- 
pF 


Turn-On DelayTime 
tdlONI 
VDD "" 200V,ID - 11A, RG - 9.1n 
- 
14 
21 
ns 


RiseTime 
tr 
See Figure 16. (MOSFET switching times 
- 
27 
41 
ns 


Turn-Off Delay Time 
!dIOFFl 
are essentially independent of operating 
- 
50 
75 
ns 
temperature) 
Fall Time 
tf 
- 
24 
36 
ns 


Total Gate Charge 
Og 
VGS - 10V,I0 - 10A, VOS - 0.8 Max 
- 
41 
63 
nC 
(Gate-Source + Gate-Drain) 
Rating. See Figure 17 for test circuit 


Gate-Source Charge 
OilS 
(Gate charge is essentially independent of 
- 
6.0 
- 
nC 


Gate-Drain ("Miller") Charge 
Oad 
operating temperature.) 
- 
23 
- 
nC 


Internal Drain Inductance 
LO 
Measured between 
Modified MOSFET 
- 
5.0 
- 
nH 
the contact screw on 
symbol showing the 
header that is closer 
internal device 
to source and gate '":@ 


pins and center 
of die. 


Internal Source Inductance 
LS 
Measured from the 
- 
12.5 
- 
nH 
source lead, 6mm 
a 
I 


(0.25") from header 
LS 
and source bonding 
pad. 
S 


Junction-to-Case 
RaJC 
- 
- 
0.83 
°C/W 
Case-to-Sink 
Racs 
Mounting surface flat, smooth and greased 
- 
0.1 
- 
°C/W 
Junction-to-Ambient 
RaJA 
Free air operation 
- 
- 
30 
oC/W 


Continuous Source Current 
IS 
Modified MOSFET 


~ 


- 
- 
11 
A 
(Body Diode) 
symbol showing the 


Pulse Source Current 
ISM 
integral reverse 
- 
- 
44 
A 
(Body Diode) (Note 3) 
P-N juncorectifier. 


Diode Forward Voltage (Note 2) 
VSD 
TJ = +250C,IS = 11A, VGS= OV 
- 
- 
2.0 
V 
Reverse Recovery Time 
trr 
TJ - +250C,IF 
-10A,dIF/dt 
= 100Allls 
170 
370 
790 
ns 
Reverse Recovered Charge 
°RR 
TJ - +250C,IF 
- 10A, dlF/dt - 100A/IIS 
1.6 
3.8 
8.2 
IIC 
Forward Turn-on Time 
tON 
Intrinsic turn-on time is negligible. Turn-on 
- 
- 
- 
- 


speed is substantially controlled by LS + LO. 


NOTES: 
1. TJ = +2SoC to +1 500C 
2. Pulse Test: 
Pulse width :s. 300/Js, 
Duty Cycle 5 2% 


3. Repetitive Rating: 
Pulse width limited by max. 
junction 
temperature. 
See Transient 
Thermal 


Impedance 
Curve (Figure 5) 


4. VDD = SOV,Start TJ = +2SoC, L = 7.0mH, 


Ras = son, 
IpEAK = I I A. 
(See Figures 14& 15) 
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FIGURE 12. TYPICAL ON-RESISTANCE 
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TEMPERATURE 
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mlHARRIS 
'RFP350/351/352/353 


'RFP350R/351R/352R/353R 


N-Channel Power MOSFETs 


Avalanche Energy Rated* 


Features 


• 14A 
and 
16A, 
350V 
- 400V 


• rDS{on) 
= 0.30 
and 
0.40 


• Single 
Pulse 
Avalanche 
Energy 
Rated· 


• SOA 
is Power-Dissipation 
Limited 


• Nanosecond 
Switching 
Speeds 


• Linear 
Transfer 
Characteristics 


TO-247 


TOP VIEW 


Description 


The IRFP350, 
IRFP351, 
JRFP352, 
and 
IRFP353 
are n-channel 


enhancement-mode 
silicon-gate 
power 
field-effect 
transis- 


tors. 
IRFP350R, 
IRFP351 
R, IRFP352R 
and 
IRFP353R 
types 
are advanced 
power 
MOSFETs 
designed, 
tested, 
and guaran- 
teed 
to withstand 
a specified 
level 
of energy 
in the breakdown 
avalanche 
mode 
of operation. 
All of these 
power 
MOSFETs 
are 
designed 
for 
applications 
such 
as 
switching 
regulators, 


switching 
converters, 
motor 
drivers, 
relay 
drivers, 
and 
drivers 
for 
high-power 
bipolar 
sWitching 
transistors 
requiring 
high 


speed 
and low gate-drive 
power. 
These 
types 
can be operated 
directly 
from 
integrated 
circuits. 


The 
IRFP 
types 
are 
supplied 
in the 
JEDEC 
TO-247 
plastic 
package. 


Terminal 
Diagram 


N-CHANNEL 
ENHANCEMENT 
MODE 


IRFP350 
IRFP351 
IRFP352 
IRFP353 


IRFP350R 
IRFP351R 
IRFP352R 
IRFP353R 
UNITS 


Drain-Source 
Voltage (1) ............................ 
VDS 
400 
350 
400 
350 
V 
Drain-Gate 
Voltage (RGS = 20kO) (1) .....•.......... 
VDGR 
400 
350 
400 
350 
V 


Continuous 
Drain Current 
TC = +250C 
....................................... 
ID 
16 
16 
14 
14 
A 


TC = +1 OOoC ...................................... 
10 
10 
10 
8.9 
8.9 
A 


Pulsed Drain Current (3) .............................. 
IDM 
64 
64 
56 
56 
A 


Gate-Source 
Voltage 
............................... 
VGS 
±20 
±20 
±20 
±20 
V 


Maximum Power Dissipation 
TC = +250C 
..................•.................... 
PD 
180 
180 
180 
180 
W 
Unear Derating Factor ...................•............... 
1.44 
1.44 
1.44 
1.44 
WloC 


Inductive Current, Clamped 
...................•....... 
ILM 
64 
64 
56 
56 
A 
(See Figure 14, L = 1OO~H) 
Single Pulse Avalanche 
Energy Rating (4) ............... 
EAS· 
700 
700 
700 
700 
mj 
Operating 
and Storage Junction 
.................. 
TJ, TSTG 
-55to+150 
-55 to +150 
-55 to +150 
-55to 
+150 
°c 
Temperature 
Range 
Maximum Lead Temperature 
for Soldering 
............... 
TL 
300 
300 
300 
300 
°c 
(0.063" 
(1.6mm) from case for 1Os) 


NOTES: 


1. TJ = +2SoC to +1S00C. 


2. Pulse Test: Pulse width..s. 300~s, Duty Cycle ~ 2%. 


3. Repetitive 
rating: Pulse width 
limited 
by maximum 
junction 
temperature. 


See Transient 
Thermal 
Impedance 
Curve (Figure 5). 


"'R Suffix Types Only 


LIMITS 


CHARACTERISnC 
SYMBOL 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Orain-Source 
Breakdown Voltage 
BVOSS 
VGS - OV,lo - 250JIA 
IRFP350/352,IRFP350R/352R 
400 
- 
- 
V 


IRFP351/353,IRFP351 
R/353R 
350 
- 
- 
V 


Gate Threshold Voltage 
VGSCTH) 
VOS - VGS, 10 - 250~A 
2.0 
- 
4.0 
V 


Gate-Source Leakage Forward 
IGSS 
VGS- 
20V 
- 
500 
nA 


Gate-Source Leakage Reverse 
IGSS 
VGS--20V 
- 
- 
-500 
nA 


Zero Gate Voltage Orain Current 
lOSS 
VOS - Max Rating, VGS - OV 
- 
250 
~A 


VOS - Max Rating x 0.8, VGS - OV, 
- 
- 
1000 
~A 
TJ=+1250C 


On-State Orain Current (Note 2) 
10(ON) 
VOS> 10(ON) x rOS(ON) Max, VGS = 10V 
IRFP350/351,IRFP350R/351 
R 
16 
- 
- 
A 


IRFP352/353,IRFP352R/353R 
14 
- 
- 
A 


Static Orain-Source On-State 
rOS(ON) 
VGS - 1OV,IO - 8.SA 
Resistance (Note 2) 
IRFP350/351,IRFP350R/351 
R 
- 
0.25 
0.3 
0 


IRFP352/353,IRFP352R/353R 
- 
0.3 
0.4 
0 


Forward Transconductance 
(Note 2) 
9fs 
VOS - 2 x VGS, 10 - 8.0A 
8.0 
10 
- 
Sm) 


Input Capacitance 
CISS 
VGS - OV,VDS - 25V. f - 1.0MHz 
- 
2000 
- 
pF 


Output Capacitance 
COSS 
See Figure 10 
- 
400 
- 
pF 


Reverse Transfer Capacitance 
CRSS 
- 
100 
- 
pF 


Turn-On OelayTime 
tdlONI 
VOO - 200V, 10 -16A, 
RG - 6.20 
- 
11 
18 
ns 


RiseTime 
tr 
See Figure 16. (MOSFET switching times 
- 
53 
77 
ns 


Turn-Off Oelay Time 
'dIOFF) 
are essentially independent of operating 
- 
70 
110 
temperature) 
ns 


Fall Time 
tf 
- 
45 
71 
ns 


Total Gate Charge 
Og 
VGS - 10V,I0 - 16A, VOS = 0.8V Max 
- 
83 
130 
nC 
(Gate-Source + Gate-Orain) 
Rating. See Figure 17 for test circuil. 


Gate-Source Charge 
0QS 
(Gate charge is essentially independent of 
- 
10 
- 
nC 
Gate-Orain ("Miller") Charge 
°Qd 
operating temperature.) 
- 
33 
- 
nC 
Internal Orain Inductance 
LO 
Measured between 
Modified MOSFET 
- 
5.0 
- 
nH 
the contact screw on 
symbol showing the 
header that is closer 
internal device 
to source and gate 
'"~ 


pins and center of 
center of die. 


Internal Source Inductance 
LS 
Measured from the 
- 
12.5 
- 
nH 
source lead, 6mm 
(0.25") from header 
LS 
and source bonding 
pad. 
S 


Junction-ta-Case 
RaJC 
- 
- 
0.70 
°CIW 
Case-to-Sink 
Racs 
Mounting surface flat, smooth and greased 
- 
0.10 
- 
°CIW 
Junction-ta-Ambient 
RaJA 
Free air operation 
- 
- 
30 
°CIW 


Continuous Source Current 
IS 
Modified MOSFET 


~ 


- 
- 
16 
A 
(Body Oiode) 
symbol showing the 
Pulse Source Current 
ISM 
integral reverse 
- 
- 
64 
A 
(Body Oiode) (Note 3) 
P-N juncorectifier. 


Oiode Forward Voltage (Note 2) 
VSO 
TJ = +250C,IS 
-16A, 
VGS = OV 
- 
- 
1.6 
V 
Reverse Recovery Time 
trr 
TJ 
+1500C,IF 
-15A, 
dlF/dt -100N~s 
270 
- 
1300 
ns 
Reverse Recovered Charge 
°RR 
TJ - +1500C,IF 
-15A, 
dlF/dt = 100A/~s 
1.7 
- 
8.1 
~C 
Forward Turn-on Time 
tON 
Intrinsic turn-on time is negligible. Turn-on 
- 
- 
- 
- 
speed is substantially controlled by LS + LO. 


NOTES: 
1. TJ = +2SoC 
to +1 500C 
2. Pulse Test: 
Pulse width ~ 300jJs, 
Duty Cycle .:s 2% 


3. Repetitive Rating: 
Pulse width limited by max. 
junction 
temperature. 
See Transient 
Thermal 
Impedance 
Curve (Figure 5) 
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Curves 
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Features 


• 20A and 23A, 400V 


• rDS(on) = 0.200 
and 0.250 


• Single 
Pulse Avalanche 
Energy 
Rated 


• SOA is Power-Dissipation 
Limited 


• Nanosecond 
Switching 
Speeds 


• Linear Transfer 
Characteristics 


Description 


The IRFP360 and IRFP362 are advanced 
power MOSFETs 
designed, tested, and guaranteed to withstand a specified level 
of energy 
in the breakdown 
avalanche 
mode of operation. 
These are n-channel 
enhancement-mode 
silicon gate power 
field-effect 
transistors 
designed 
for 
applications 
such 
as 
switching regulators, switching converters, motor drivers, relay 
drivers, and drivers for high-power 
bipolar switching 
transis- 
tors requiring 
high speed and low gate-drive 
power. These 
types can be operated directly from integrated circuits. 


The IRFP-types 
are supplied 
in the JEDEC TO-247 
plastic 
package. 


IRFP360 
IRFP362 
N-Channel Power MOSFETs 
Avalanche-Energy Rated 


TO-247 
TOP VIEW 


Terminal Diagram 


N-CHANNEL ENHANCEMENT MODE 


Absolute 
Maximum 
Ratings 
(TC = +250C), Unless Otherwise Specified 


IRFP360 


ContinuousDrainCurrent 
TC = +250C 
10 
TC = +1000C 
10 
PulsedDrainCurrent(1) 
IOM 
Gate-SourceVoltage 
VGS 
MaximumPowerDissipation 
TC = +250C 
Po 
LinearDeratingFactor 
. 


SinglePulseAvalancheEnergyRating(2) 
EAS 
SeeFigure14 
OperatingandStorageJunction 
TJ,TSTG 
TemperatureRange 
MaximumLeadTemperaturefor Soldering 
TL 
(0.063" (1.6mm)from casefor 10s) 


NOTES: 


1. Repetitive 
rating: Pulse width 
limited 
by maximum 
junction 
temperature. 
see Transient 
Thermal 
Impedance 
Curve (Figure 
5). 


2. VDD = 50V. starting TJ = +250C. 
L = 4.0mH. Ras = 250. 
Peak IL = 23A. 


3. Pulse Test: 
Pulse width 
~ 300~s. Duty Cycle ~ 2%. 
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LIMITS 


CHARACTERISTIC 
SYMBOL 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Drain-Source 
Breakdown Voltage 
BVOSS 
VGS = OV,IO = 250lJA 
400 
- 
- 
V 


Gate Threshold Voltage 
VGSfTH) 
VOS = VGS, 10= 250fIA 
2.0 
- 
4.0 
V 


Gate-Source Leakage Forward 
IGSS 
VGS= 20V 
- 
- 
500 
nA 


Gate-Source Leakage Reverse 
IGSS 
VGS=-20V 
- 
- 
-500 
nA 


Zero Gate Voltage Drain Current 
lOSS 
VDS = Max Rating, VGS = OV 
- 
- 
250 
fIA 


VOS = Max Rating x 0.8, VGS = OV, 
- 
- 
1000 
fIA 
TJ = +1250C 


On-State Drain Current (Note 3) 
10(ON) 
VOS> 10(ON) x rOS(ON) Max, VGS - 10V 
IRFP360 
23 
- 
- 
A 


IRFP362 
20 
- 
- 
A 


Static Drain-Source 
On-State 
rOS(ON) 
VGS -10V,10 
-13A 
Resistance (Note 3) 
IRFP360 
- 
0.18 
0.20 
0 


IRFP362 
- 
0.20 
0.25 
0 


Forward Transconductance 
(Note 3) 
9fs 
VOS> 50V, IDS> 13A 
14 
21 
- 
Sm) 


Input Capacitance 
CISS 
VGS = OV,VOS = 25V, f = 1.0MHz 
- 
4000 
- 
pF 


Output Capacitance 
COSS 
See Figure 10 
- 
550 
- 
pF 


Reverse Transfer Capacitance 
CRSS 
- 
97 
- 
pF 


Turn-On OelayTime 
tdeON) 
VOD - 200V, 10 = 25A, RG - 4.30 
- 
22 
33 
ns 


Rise Time 
tr 
RD = 7.50. (MOSFET switching times 
- 
94 
140 
ns 


Turn-Off Delay Time 
!d(OFFl 
are essentially independent of operating 
- 
80 
120 
ns 
temperature) 
Fall Time 
tf 
- 
66 
99 
ns 


Total Gate Charge 
Og 
VGS - 1OV,ID - 25A, VOS - 0.8V x Max 
- 
68 
100 
nC 
(Gate-Source + Gate-Drain) 
Rating. See Fi9ure 16 for test circuit 


Gate-Source Charge 
OgS 
(Gate charge is essentially independent of 
- 
17 
- 
nC 


Gate-Drain ("Miller") Charge 
Ood 
operating temperature.) 
- 
24 
- 
nC 


Internal Drain Inductance 
LO 
Measured between 
Modified MOSFET 
- 
5.0 
- 
nH 
the contact screw on 
symbol showing the 
header that is closer 
internal device 
to source and gate 
inductances. 


pins and center of 


~ 


center of die. 


Internal Source Inductance 
LS 
Measured from the 
- 
13 
- 
nH 
source lead, 6mm 
(0.25") from header 
LS 
and source bonding 
pad. 
5 


Junction-to-Case 
RaJC 
- 
- 
0.50 
°C/W 
Case-to-Sink 
Racs 
Mounting surface flat, smooth and greased 
- 
0.10 
- 
°C/W 
Junction-to-Ambient 
RaJA 
Free air operation 
- 
- 
30 
.0C/W 


Continuous Source Current 
IS 
Modified MOSFET 


~ 


- 
- 
23 
A 
(Body Diode) 
symbol showing the 


Pulse Source Current 
ISM 
integral reverse 
- 
- 
92 
A 
(Body Diode) (Note 3) 
P-N junco rectifier. 


Diode Forward Voltage (Note 2) 
VSD 
TJ = +250C,IS = 23A. VGS = OV 
- 
- 
1.8 
V 
Reverse Recovery Time 
trr 
TJ - +250C, IF - 25A, dlF/dt - 100NfIS 
200 
460 
1000 
ns 


Reverse Recovered Charge 
°RR 
TJ - +250C, IF - 25A, dlF/dt - 100NfIS 
3.1 
7.1 
16 
fIC 
Forward Turn-on Time 
tON 
Intrinsic turn-on time is negligible. Turn-on 
- 
- 
- 
- 
speed is substantially controlled by LS + LO' 


NOTES: 
1. Repetitive Rating: Pulse width limited by max. junction temperature. See 
3. Pulse Test: Pulse width ~ 300~s, Duty Cycle :5. 2% 
Transient Thermal 
Impedance 
Curve (Figure 5) 
2. VDD = SOY. Start TJ = +25oC, 
L = 4.0mH, RG = 250, 
IpEAK = 23A 
(See Figure 14) 
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m HARRIS 
IRFP440R,IRFP441R 
IRFP442R,IRFP443R 


N-Channel Power MOSFETs 


Avalanche-Energy 
Rated 


Features 


• 7.7A 
and 
8.8A, 
400V 
- 500V 


• rDS(on) 
= 0.850 
and 
1.10 


• Single 
Pulse 
Avalanche 
Energy 
Rated 


• SOA 
is Power-Dissipation 
Limited 


• Nanosecond 
Switching 
Speeds 


• Linear 
Transfer 
Characteristics 


• High 
Input 
Impedance 


TO-247 
TOP VIEW 


Description 


The 
IRFP440R, 
IRFP441 R, 
IRFP442R, 
and 
IRFP443R 
are 
advanced 
power 
MOSFETs 
designed, 
tested, 
and guaranteed 
to withstand 
a specified 
level of energy 
in the breakdown 
ava- 


lanche 
mode of operation. 
These are n-channel 
enhancement- 
mode 
silicon 
gate 
power 
field-effect 
transistors 
designed 
for 
applications 
such 
as 
switching 
regulators, 
switching 
converters, 
motor 
drivers, 
relay 
drivers, 
and 
drivers 
for high- 
power 
bipolar 
switching 
transistors 
requiring 
high 
speed 
and 
low gate-drive 
power. 


Terminal Diagram 


N-CHANNEL 
ENHANCEMENT MODE 


The 
IRFP-types 
are supplied 
in the JEDEC 
TO-247 
plastic 
package. 


Drain-Source Voltage (1) 
VDS 
Drain-Gate Voltage (RGS = 20kO) (1) 
VDGR 
Continuous Drain Current 
TC = +250C 
ID 
TC = +1000C 
ID 
Pulsed Drain Current (3) 
IDM 
Gate-Source Voltage 
VGS 
Maximum Power Dissipation 
TC = +250C 
PD 
UnearDerating 
Factor 
. 
Single Pulse Avalanche Energy Rating (4) 
EAS 
Operating and Storage Junction 
TJ, TSTG 
Temperature Range 
Maximum Lead Temperature for Soldering 
TL 


(0.063" (1.6mm) from case for 10s) 


IRFP440R 
IRFP441R 
IRFP442R 
IRFP443R 


500 
450 
500 
450 
500 
450 
500 
450 


8.8 
8.8 
7.7 
7.7 
5.6 
5.6 
4.9 
4.9 


35 
35 
31 
31 


±20 
±20 
±20 
±20 


150 
150 
150 
150 
1.2 
1.2 
1.2 
1.2 
480 
480 
480 
480 
-55 to +150 
-55to+15O 
-55 to +150 
-55to+150 


300 
300 
300 
300 


NOTES: 


1. TJ = +2SoC 
to +1S00C. 


2. Pulse Test: 
Pulse width ::s 300J.1s. Duty Cycle 
~ 2%. 


3. Repetitive 
rating: 
Pulse width 
limited 
by maximum 
junction 
temperature. 


see Transient 
Thermal 
Impedance 
Curve (Figure 
5). 


UNITS 


V 
V 


W 
W/oC 


mJ 
°c 


LIMITS 


CHARACTERISTIC 
SYMBOL 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Drain-Source 
Breakdown 
Voltage 
BVOSS 
VGS = OV,IO = 250flA 
IRFP440R,IRFP442R 
500 
- 
- 
V 


IRFP441 R,IRFP443R 
450 
- 
- 
V 


Gate Threshold Voltage 
VGSITH) 
VOS = VGS, 10 = 250~A 
2.0 
- 
4.0 
V 


Gate-Source 
Leakage Forward 
IGSS 
VGS=20V 
- 
- 
100 
nA 


Gate-Source 
Leakage Reverse 
IGSS 
VGS=-20V 
- 
- 
-100 
nA 


Zero Gate Voltage Orain Current 
lOSS 
VOS = Max Rating, VGS = OV 
- 
- 
250 
flA 


VOS = Max Rating x 0.8, VGS = OV, 
- 
- 
1000 
flA 
TJ = +1250C 


On-State 
Orain Current (Note 2) 
10(ON) 
VOS> 
10(ON) x rOS(ON) Max, VGS = 10V 
IRFP440R,IRFP441 
R 
8.8 
- 
- 
A 


IRFP442R,IRFP443R 
7.7 
- 
- 
A 


Static Orain-Source 
On-State 
rOS(ON) 
VGS = 1OV,10 = 4.9A 
Resistance (Note 2) 
IRFP440R, IRFP441 R 
- 
0.8 
0.85 
n 


IRFP442R,IRFP443R 
- 
1.0 
1.1 
n 


Forward Transconductance 
(Note 2) 
9fs 
VOS> 
50V, 10 - 4.9A 
5.3 
8.2 
- 
Sm) 


Input Capacitance 
CISS 
VGS - OV,VOS - 25V, f - 1.0MHz 
- 
1225 
- 
pF 


Output Capacitance 
COSS 
See Figure 10 
- 
200 
- 
pF 


Reverse Transfer Capacitance 
CRSS 
- 
85 
- 
pF 


Turn-On 
OelayTime 
tdCON) 
VOO - 250V, 10 - 8A, RG - 9.1 n 
- 
17 
21 
ns 


RiseTime 
tr 
See Figure 16. (MOSFET switching 
times 
- 
23 
35 
ns 


Turn-Off 
Oelay Time 
'd(OFF) 
are essentially independent 
of operating 
- 
42 
74 
temperature) 
ns 


Fall Time 
tf 
- 
18 
30 
ns 


Total Gate Charge 
Qg 
VGS - 1OV,IO - 8A, VOS - 0.8 Max 
- 
42 
63 
nC 
(Gate-Source 
+ Gate-Orain) 
Rating. See Figure 17 for test circuit. 


Gate-Source 
Charge 
Qas 
(Gate charge is essentially independent 
of 
- 
7 
- 
nC 


Gate-Orain 
("Miller") 
Charge 
Qod 
operating temperature.) 
- 
22 
- 
nC 
Internal Orain Inductance 
LO 
Measured between 
Modified MOSFET 
- 
5.0 
- 
nH 
the contact screw on 
symbol showing the 
header that is closer 
internal device 
to source and gate 
inductances. 
pins and center 


~ 


of die. 


Internal Source Inductance 
LS 
Measured from the 
- 
12.5 
- 
nH 
source lead, 6mm 
(0.25") from header 
LS 
and source bonding 
pad. 
S 


Junction-ta-Case 
ReJC 
- 
- 
0.83 
oC/W 
Case ta-Sink 
Racs 
Mounting surface flat, smooth and greased 
- 
0.1 
- 
°C/W 
Junction-ta-Ambient 
RaJA 
Free air operation 
- 
- 
30 
°C/W 


Continuous 
Source Current 
IS 
Modified MOSFET 


~ 


- 
- 
8.8 
A 
(Body Oiode) 
symbol showing the 


Pulse Source Current 
ISM 
integral reverse 
- 
- 
35 
A 
(Body Oiode) (Note 3) 
P-N junco rectifier. 


Oiode Forward Voltage (Note 2) 
VSO 
TJ = +250C,IS 
= 8.8A, VGS = OV 
- 
- 
1.8 
V 
Reverse Recovery Time 
trr 
TJ - +250C, IF - 8.0A, dlF/dt - 1OON~s 
210 
460 
970 
ns 
Reverse Recovered 
Charge 
QRR 
TJ - +250C, IF - 8.0A, dlF/dt -100N~s 
2 
4.2 
8.9 
~C 
Forward Turn 
on Time 
tON 
Intrinsic turn-on time is negligible. Turn-on 
- 
- 
- 
- 
speed is substantially 
controlled 
by LS + LO. 


NOTES: 
1. TJ = +2SoC to +1S00C 
2. Pulse Test: Pulse width $. 300Jls, 
Duty Cycle 
~ 2% 


3. Repetitive Rating: Pulse width limited by max. 


junction 
temperature. 
See Transient 
Thermal 
Impedance 
Curve (Figure 
5) 


4. VDD = SOV, Start TJ - 
+2S0C, L - 
11mH, 
Ras 
= son, 
IpEAK = 8.8A 
(See Figures 14 & 1S) 
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Features 


• 12A and 14A, 450V - 500V 


• rDslon) 
= 0.40 
and 0.50 


• Single Pulse Avalanche 
Energy Rated· 


• SOA is Power-Dissipation 
Limited 


• Nanosecond 
Switching 
Speeds 


• Linear Transfer 
Characteristics 


• High Input Impedance 


Description 


The IRFP450, IRFP451, IRFP452, and IRFP453 are n-channel 
enhancement-mode 
silicon-gate 
power field-effect 
transis- 


tors. IRFP450R, IRFP451R, IRFP452R and IRFP453R types 
are advanced power MOSFETs designed, tested, and guaran- 
teed to withstand a specified level of energy in the breakdown 
avalanche mode of operation. All of these power MOSFETs are 
designed 
for 
applications 
such 
as 
switching 
regulators, 


switching converters, motor drivers, relay drivers, and drivers 
for high-power 
bipolar switching transistors requiring high 
speed and low gate-drive power. These types can be operated 
directly from integrated circuits. 


The IRFP types are supplied in the JEDEC TO-247 
plastic 
package. 


'RFP450/451/452/453 
'RFP450R/451R/452R/453R 


N-Channel Power MOSFETs 
Avalanche Energy Rated* 


TO-247 


TOP VIEW 
,~ 
~=__ 
==__~:::oe 


Terminal Diagram 


N-CHANNEL 
ENHANCEMENT 
MODE 


Drain-Source 
Vollage (1) ...•••....•••..•...•••••••.• 
VDS 
Drain-Gale 
Vollage (RGS = 20kO) (1) 
VDGR 
Continuous 
Drain Currenl 
TC = +250C 
..••..•••....•.....•.....•..•.••.•..... 
10 
TC=+1000C 
10 
Pulsed Drain Current (3) ....•.....••.......••••••..... 
10M 
Gale-Source 
Voltage 
.....•••....•••......•••••..... 
VGS 
Maximum Power Dissipation 
TC = +250C 
.............•••...•.•.....•••••••..... 
Po 
Unear Derating Faclor .......••...•..•.....•.•••......... 
Inductive Current, Clamped 
.....•...•................. 
ILM 
(See Figure 14, L = 1OO~H) 
Single Pulse Avalanche 
Energy Rating (4) ..........•.... 
EAS' 


Operating 
and Storage Junction 
•................. 
TJ' TSTG 
Temperature 
Range 
Maximum Lead Temperalure 
for Soldering 
.••..•......... 
TL 
(0.063" (1.6mm) from case for 1Os) 


NOTES: 


1. TJ = +250C 
to +1500C. 


2. Pulse Tesl: Pulse widlh 
~ 300~s. Duty Cycle ~ 2%. 


3. Repetitive 
rating: Pulse width 
limited by maximum 
junction 
temperature. 


see Transient 
Thermal 
Impedance 
Curve (Figure 
5). 


*R Suffix Types Only 


IRFP450 
IRFP451 
IRFP452 
IRFP453 
IRFP450R 
IRFP451R 
IRFP452R 
IRFP453R 


500 
450 
500 
450 
500 
450 
500 
450 


14 
14 
12 
12 
8.8 
8.8 
7.9 
7.9 
56 
56 
48 
48 
±20 
±20 
±20 
±20 


180 
180 
180 
180 
1.44 
1.44 
1.44 
1.44 
52 
52 
48 
48 


860 
860 
880 
860 
-5510+150 
-55 to +150 
-5510+150 
-55to+150 


300 
300 
300 
300 


UNITS 


V 
V 


W 
W/oC 
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~ 
•..•w 
w u.. 
zU> 
ZO 
c:E 
:2: a: 
c.:>w 
';t 
Z~ 


UMITS 


CHARACTERISTIC 
SYMBOL 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Drain-Source 
Breakdown 
Voltage 
BVDSS 
VGS = OV,IO = 2501JA 
IRFP450/452,IRFP450R/452R 
500 
- 
- 
V 


IRFP451/453,IRFP451 
R/453R 
450 
- 
- 
V 


Gate Threshold Voltage 
VGSITHI 
VOS = VGS, 10 = 250~A 
2.0 
- 
4.0 
V 


Gate-Source 
Leakage Forward 
IGSS 
VGS- 
20V 
- 
- 
500 
nA 


Gate-Source 
Leakage Reverse 
IGSS 
VGS--20V 
- 
- 
-500 
nA 


Zero Gate Voltage Drain Current 
lOSS 
VOS - Max Rating, VGS - OV 
- 
- 
250 
IJA 


VOS - Max Rating x 0.8, VGS - OV, 
- 
- 
1000 
IJA 
TJ=+1250C 


On-State 
Drain Current (Note 2) 
10{ON) 
VOS> 
10{ON) x rOS{ON) Max, VGS - 10V 
IRFP450/451,IRFP450R/451 
R 
14 
- 
- 
A 


IRFP452/453,IRFP452R/453R 
12 
- 
- 
A 


Static Drain-Source 
On-State 
rOS(ON) 
VGS = 10V,ID = 7.9A 
Resistance (Note 2) 
IRFP450/451,IRFP450R/451 
R 
- 
0.3 
0.4 
0 


IRFP452/453,IRFP452R/453R 
- 
0.4 
0.5 
0 


Forward Transconductance 
(Note 2) 
9fs 
VOS ~ 50V, 10 = 7.9A 
9.3 
13.8 
- 
S(U) 


Input Capacitance 
CISS 
VGS = OV,VOS = 25V, f = 1.0MHz 
- 
2000 
- 
pF 


Output Capacitance 
COSS 
See Figure 10 
- 
400 
- 
pF 


Reverse Transfer Capacitance 
CRSS 
- 
100 
- 
pF 


Turn-On 
OelayTime 
tdlONl 
VDD - 250V, 10 -14A, 
RG - 6.10 
- 
16 
27 
ns 


RiseTime 
, 
tr 
See Figure 16. (MOSFET switching 
times 
- 
45 
66 
ns 


Turn-Off 
Delay Time 
!ct(OFFl 
are essentially independent 
of operating 
- 
68 
100 
. 
temperature) 
ns 


Fall Time 
tf 
- 
41 
60 
ns 


Total Gate Charge 
Og 
VGS - 10V,ID -14A, 
VDS - 0.8V Max 
- 
82 
130 
nC 
(Gate-Source 
+ Gate-Drain) 
Rating. See Figure 17 for test circuit 


Gate-Source 
Charge 
Oos 
(Gate charge is essentially independent 
of 
- 
12 
- 
nC 


Gate-Drain 
("Miller") 
Charge 
Ood 
operating temperature.) 
- 
42 
- 
nC 


Internal Drain Inductance 
LO 
Measured between 
Modified MOSFET 
- 
5.0 
- 
nH 
the contact screw on 
symbol showing the 
header that is closer 
internal device 
to source and gate 


'~ 


pins and center of 
center of die. 


Internal Source Inductance 
LS 
Measured from the 
- 
12.5 
- 
nH 
source lead, 6mm 
(0.25") from header 
LS 
and source bonding 
pad. 
S 


Junction-ta-Case 
RaJC 
- 
- 
0.70 
°C/W 
Case-to-Sink 
Racs 
Mounting surface flat, smooth and greased 
- 
0.10 
- 
°C/W 
Junction-ta-Ambient 
RaJA 
Free air operation 
- 
- 
30 
oC/W 


Continuous 
Source Current 
IS 
Modified MOSFET 


~ 


- 
- 
14 
A 
(Body Diode) 
symbol showing the 


Pulse Source Current 
ISM 
integral reverse 
- 
- 
56 
A 
(Body Diode) (Note 3) 
P-N junco rectifier. 


Diode Forward Voltage (Note 2) 
VSD 
TJ - +250C,IS 
-14A, 
VGS - OV 
- 
- 
1.4 
V 
Reverse Recovery Time 
trr 
TJ - +1500C,IF 
-13A, 
dIF/dt-100N~s 
- 
1300 
- 
ns 
Reverse Recovered 
Charge 
°RR 
TJ - +1500C,IF 
-13A,dIF/dt 
-100N~s 
- 
7.4 
- 
~C 
Forward Turn-on 
Time 
tON 
Intrinsic turn-on 
time is negligible. Turn-on 
- 
- 
- 
- 


speed is substantially 
controlled 
by LS + Lo. 


NOTES: 1. TJ = +250C to +1500C 
2. Pulse Test: 
Pulse width S. 300)15, 
Duty Cycle::: 
2% 


3. Repetitive Rating: 
Pulse width limited by max. 


junction 
temperature. 
See Transient 
Thermal 
Impedance 
Curve (Figure 5) 
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Features 


• 20A and 17A, 500V 


• rDS(onj = 0.270 
and 0.350 


• Single Pulse Avalanche Energy Rated 


• SOA is Power-Dissipation 
Limited 


• Nanosecond 
Switching 
Speeds 


• Linear Transfer Characteristics 


• High Input Impedance 


Description 


The IRFP460 and IRFP462 are advanced power MOSFETs 
designed, tested, and guaranteed to withstand a specified level 
of energy in the breakdown avalanche mode of operation. 
These are n-channel enhancement-mode silicon gate power 
field-effect 
transistors 
designed for 
applications 
such as 
switching regulators, switching converters, motor drivers, relay 
drivers, and drivers for high-power bipolar switching transis· 
tors requiring high speed and low gate-drive power. These 
types can be operated directly from integrated circuits. 


The IRFP-types are supplied in the JEDEC TO-247 
plastic 
package. 


IRFP460 
IRFP462 
N-Channel Power MOSFETs 


Avalanche-Energy Rated 


TO-247 
TOP VIEW 


Terminal Diagram 


N-CHANNEL 
ENHANCEMENT 
MODE 


Absolute 
Maximum 
Ratings 
(TC = +250C), Unless Otherwise Specified 


IRFP460 


Continuous 
Drain Current 
TC = +2SoC 
10 
TC = +100oC 
10 
Pulsed Drain Current (1) ..........•......................... 
IOM 
Gate-Source 
VoMage ......•.............................. 
VGS 
Maximum Power Dissipation 
TC = +2SoC 
••...•••....•••....••.•.•.........•••........ 
Po 
Linear Derating Factor ..............•.......................... 
Single Pulse Avalanche 
Energy Rating (2) ••••................. 
EAS 
See Figure 14 
Operating 
and Storage Junction 
••.........•.....•.•.... 
TJ, TSTG 
Temperature 
Range 
Maximum Lead Temperature 
for Soldering 
..••..••............. 
TL 
(0.063" 
(1.6mm) from case for 10s) 


NOTES: 


1. Repetitive 
rating: Pulse width limited 
by maximum 
junction 
temperature. 


see Transient 
Thermal 
Impedance 
Curve (Figure 
5). 


2. voo ~ SOV,starting TJ = +2S0C, L = 4.3mH. RGS = 2S0. Peak IL = 20A. 


Soe Fig. 14. 


3. Pulse Test: 
Pulse width ~ 300).1$.Duty Cycle 
.:5 2%. 


W 
W;oC 
mJ 


Parameter 
Type 
Min. 
Typ. 
Max. 
Units 
Test 
Conditions 


BVDSS 
Drain-I<>-SourC8Bteakdown 
\Ullage 
ALL 
500 
- 
- 
V 
VGS = 011.ID = 2SO,.A 


RDSlon) 
Static 
Orain-to-Source 
IRFP460 
- 
0,24 
0,27 
U 
VGS = 1011.'D = llA 
On·State Resistance @ 


IRFP462 
- 
0,27 
0,35 


'Dlon) 
On-State 
Drain 
Cilrent 
@ 
IRFP460 
20 
- 
- 
A 
VDS > 'Dlon) x RDSlon) Max, 


IRFP462 
17 
VGS = 10V 


VGSllh) 
Gate Threshold 
\Ullage 
ALL 
2.0 
- 
4,0 
V 
VDS = VGS, 'ID = 2SO,.A 


9fs 
Forward 
'Transconductance 
® 
ALL 
13 
19 
- 
S (0) 
VDS = " 
SOV,IDS = 11A 


IDSS 
zero 
Gate 
\bltage 
Drain 
Current 
ALL 
- 
- 
2SO 
"A 
VDS = Max, Rating, VGS = OV 


- 
- 
1000 
VDS = 0,8 x Max. Rating 


VGS = 011.TJ = 125°C 


IGSS 
Gate-to-Source 
leakage 
Forward 
ALL 
- 
- 
500 
nA 
VGS = 20V 


'GSS 
Gate-ta-Source 
Leakage 
Reverse 
ALL 
- 
- 
-500 
nA 
VGS = 
-20V 


Og 
10Iai Gate Charge 
ALL 
- 
120 
190 
nC 
VGS = 1011.ID = 21A 


c..s 
Gate-ta-Source 
Charge 
ALL 
- 
18 
- 
nC 
VDS = 0,8 x Max, Rating 
See Fig. 16 


c..d 
Gate-ta-Drain 
("Miller") 
Charge 
ALL 
- 
62 
- 
nC 
(Independent 
of operating 
temperature) 


Idlon) 
Turn-On 
Delay 
Time 
ALL 
- 
23 
35 
ns 
VDD = 2S011.ID - 
21A, RG = 4,30 


Ir 
Rise 
Time 
ALL 
- 
81 
120 
ns 
RD = 
12U 


Idloff} 
Turn-Off 
Delay 
Time 
ALL 
- 
85 
130 
ns 
See Fig, 15 


If 
Fall Time 
ALL 
- 
65 
98 
ns 
(Independent 
of operating 
temperature) 


LD 
Internal 
Drain 
Inductance 
ALL 
- 
5,0 
- 
nH 
MeaslKed 
from 
the 
drain 
Modified 
MOSFET symbol 
lead, 
6mm 
10.25 
in.) 
from 
_.'""'~ 
package 
to center 
of dte 
inductances 
l 
LS 
Internal 
Source 
Inductance 
ALL 
- 
13 
- 
nH 
Measured 
from 
the 
source 
I 


lead, 
6mm 
10.25 
in.) 
from 
package 
to source 
bonding 
pad 
. 


Ciss 
Input 
Capacitance 
ALL 
- 
4100 
- 
pF 
VGS = 011.VDS = 25V 


Coss 
Output 
Capacitance 
ALL 
- 
480 
- 
pF 
f = 1.0 MHz 


C,SS 
Reverse 
Transfer 
Capacitance 
ALL 
- 
84 
- 
pF 
See Fig, 10 


- 
- 


R,hJC 
Junetion-to-Case 
ALL 
- 
- 
O.SO 
°CIW 


R,hCS 
CaS&to-Sink 
ALL 
- 
0.10 
- 
°CIW 
Mounting 
surface 
flat, 
smooth, 
and 
greased 


R,hJA 
Junction-to-Ambient 
ALL 
- 
- 
30 
°CIW 
Free 
air 
operation 


Mounting 
Torque 
ALL 
- 
- 
10 
in .• 
'bs· 
Standard 6-32 screw 


CD 
Repetitive 
Rating; 
Pulse 
width 
limited 
by 
maximum 
junction 
temperature 
(see 
figure 
5) 
Refer 
to current 
HEXFET 
retiability 
report 


(2) 
@ VDD = SOli. Slarting 
TJ = 25°C. 


L = 4,3 mH, RG = 25U, 
Peak IL = 20A. See Fig. 14. 
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Pulsed 
Source 
Current 
, 
.L 
- 
- 
80 
A 


IBody Diodel 
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Time 
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Description 


The IRFPC40R 
and IRFPC42R 
are advanced 
power 
MOSFETs 
designed, 
tested, 
and guaranteed 
to withstand 
a specified 
level 
Terminal Diagram 


of 
energy 
in 
the 
breakdown 
avalanche 
mode 
of 
operation. 
N-CHANNEL 
ENHANCEMENT 
MODE 
These 
are n-channel 
enhancement-mode 
silicon-gate 
power 
field-effect 
transistors 
designed 
for 
applications 
such 
as 
D 
switching 
regulators, 
switching 
converters, 
motor 
drivers, 
relay 
drivers, 
and 
drivers 
for 
high-power 
bipolar 
switching 
transistors 
requiring 
high 
speed 
and 
low 
gate-drive 
power. 


These 
types 
can 
be operated 
directly 
from 
integrated 
circuits. 


The 
IRFPC 
types 
are supplied 
in the 
JEDEC 
TO-247 
plastic 
package. 


Em HARRIS 


• 6.SA, 5.9A and 600V 


• rOS(ON) = 1.20 
and 1.60 


• Isolated 
Central 
Mounting 
Hole 


• Repetitive 
Avalanche 
Ratings 


• Simple 
Drive 
Requirements 


• Ease 
of 
Paralleling 


IRFPC40R 
IRFPC42R 
N-Channel Power MOSFETs 


Avalanche-Energy-Rated 


TO-247 
TOP VIEW 


Continuous 
Drain Current 
TC = +250C 
10 
TC = +1 OOoC 
10 
Pulsed Drain Current (2) ............•..................................... 
IOM 
Gate-Source 
Voltage 
VGS 
Maximum Power Dissipation 
Po 
Linear Derating Factor 
. 


Single Pulse Avalanche 
Energy Rating (3) 
Eas 
(See Figure 14) 
Operating 
and Storage Junction 
TJ, TSTG 
Temperature 
Range 


IRFPC40R 
IRFPC42R 
UNITS 


6.8 
5.9 
A 
4.3 
3.7 
A 
27 
24 
A 
±20 
±20 
V 
150 
150 
W 
1.2 
1.2 
W/oC 
410 
410 
mJ 


-55 to +150 
-55to+150 
°C 


NOTES: 


1. Pulse Test: Pulse width ~ 300~s, Duty Cycle ~ 2% 
3. VDD = 50V. Start TJ = +250C, L = 16mH, RG = 250, 
Peak 'L = 6.8A 


2. Repetitive Rating: 
Pulse width limited by max. junction temperature. 
See 
Transient Thermal Impedance 
Curve (Figure 5) 
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UMITS 


CHARACTERISTIC 
SYMBOL 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Drain-Source 
Breakdown 
Vollage 
BVOSS 
VGS = OV, 10 = 250flA 
600 
- 
- 
V 


Gate Threshold Voltage 
VGSfTHl 
VOS = VGS, 10 = 250flA 
2.0 
- 
4.0 
V 


Gate-Source 
Leakage Forward 
IGSS 
VGS=20V 
- 
- 
500 
nA 


Gate-Source 
Leakage Reverse 
IGSS 
VGS=-20V 
- 
- 
-500 
nA 


Zero Gate Voltage Drain Current 
lOSS 
VOS = Max Rating, VGS = OV 
- 
- 
250 
flA 


VOS = Max Rating x 0.8, VGS = OV, 
- 
- 
1000 
flA 
TJ=+1250C 


On-State 
Drain Current (Note 1) 
10(ON) 
VOS> 
10(ON) x rOS(ON) Max, VGS - 10V 
IRFPC40R 
6.8 
- 
- 
A 


IRFPC42R 
5.9 
- 
- 
A 


Static Drain-Source 
On-State 
rOS(ON) 
VGS = 10V, 10 = 3.7A 
Resistance (Note 1) 


IRFPC40R 
- 
0.97 
1.2 
0 


IRFPC42R 
- 
1.2 
1.6 
0 


Forward Transconductance 
(Note 1) 
9fs 
IDS - 3.7A, VOS> 
100V 
4.9 
7.3 
- 
S(U) 


Input Capacitance 
CISS 
VGS - OV,VOS - 25V, f - 1.OMHz 
- 
1300 
- 
pF 


Output Capacitance 
COSS 
See Figure 10 
- 
160 
- 
pF 


Reverse Transfer Capacitance 
CRSS 
- 
45 
- 
pF 


Turn-On 
OelayTime 
tdlONl 
VOO - 200V, 10 - 6.2A, RG - 9.10 
- 
13 
20 
ns 


Rise Time 
tr 
RO = 470. 
(Independent 
of operating 
- 
18 
27 
ns 


Turn-Off 
Delay lime 
!d(OFFl 
temperature) 
See Figure 15. 
- 
55 
83 
ns 


Fall Time 
tf 
- 
20 
30 
ns 


Total Gate Charge 
Qg 
VGS - 1OV,10 - 6.2A, VOS - 0.6V x Max 
- 
40 
60 
nC 
(Gate-Source 
+ Gate-Drain) 
Rating. See Figure 16 for test circuit 


Gate-Source 
Charge 
Qes 
(Gate charge is essentially independent 
of 
- 
5.5 
8.3 
nC 


Gate-Drain 
("Miller") 
Charge 
Qed 
operating temperature.) 
- 
20 
30 
nC 


Internal Drain Inductance 
LO 
Measured from 
Modified MOSFET 
- 
5.0 
- 
nH 
the drain lead, 
symbol showing the 
6mm(0.25") 
internal inductances. 


from package 


~ 


to center of 
die. 


Internal Source Inductance 
LS 
Measured from the 
- 
12.5 
- 
nH 
source lead, 6mm 
(0.25") from package 
LS 
to source bonding 
pad. 
S 


Junction-to-Case 
R6JC 
- 
- 
0.83 
°C/W 


Case-to-Sink 
Racs 
Mounting surface flat, smooth and greased 
- 
0.10 
- 
oC/W 


Junction-to-Ambient 
RaJA 
Free air operation 
- 
- 
30 
oC/W 


Continuous 
Source Current 
IS 
Modified MOSFET 


~ 


- 
- 
6.8 
A 
(Body Diode) 
symbol showing the 


Pulse Source Current 
ISM 
integral reverse 
- 
- 
27 
A 
(Body Diode) (Note 1) 
P-N junco rectifier. 


Diode Forward Voltage (Note 3) 
VSO 
TJ = +250C, IS = 6.2A, VGS = OV 
- 
- 
1.5 
V 


Reverse Recovery Time 
trr 
TJ - +250C, 
IF - 6.2A,dIF/dt 
-100N~s 
200 
450 
940 
ns 


Reverse Recovered Charge 
QRR 
TJ - +250C, IF = 6.2A,dIF/dt 
= 10OA/~s 
1.8 
3.8 
7.9 
~C 
Forward Turn-on 
Time 
tON 
Intrinsic turn-on 
time is negligible. Turn-on 
- 
- 
- 
- 
speed is substantially 
controlled 
by LS + LO' 


1. Pulse Test: 
Pulse width ~ 300 •.•.5, Duty Cycle :5 2% 


2. Repetitive Rating: 
Pulse width limited by max. junction temperature. 
See 
Transient Thermal 
Impedance 
Curve (Figure 5) 
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High Voltage N-Channel 
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Mode Power Field Effect Transistor 


Features 


• IRFPG40: 
4.3A, 
1000V, 
reStON) 
= 3.50 


• IRFPG42: 
3.9A, 
1000V, 
reStON) 
= 4.20 


• UIS SOA 
Rating 
Curve 
(Single 
Pulse) 


• -550C 
to 
1500C 
Operating 
and 
Storage 
Temperature 


TO-247 
TOP VIEW 


Description 


The 
IRFPG40 
and 
IRFPG42 
are 
n-channel 
enhancement 
mode 
silicon-gate 
power 
field 
effect 
transistors. 
They 
are 
designed 
for 
applications 
such 
as 
sWitching 
regulators, 


switching 
converters, 
motor 
drivers, 
relay drivers, 
and drivers 
for 
high-power 
bipolar 
switching 
transistors 
requiring 
high 
speed 
and low gate-drive 
power. These types 
can be operated 
directly 
from 
integrated 
circuits. 


The 
IRFPG40 
and 
IRFPG42 
are 
supplied 
in 
the 
JEDEC 
TO-247 
plastic 
package. 


Terminal Diagram 
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VOGR 
Continuous Drain Current .........•........................................ 
ID 
Pulsed Drain Current 
IOM 
Gate-Source Voltage 
......................................•............ 
VGS 
Maximum Power Dissipation 
TC = 250C .....................................•....................... 
PO 
Derate Above TC = 250C 
. 


Single Pulse Avalanche Energy Rating ...................•................. 
Eas 
(See Figure 13) 
Operating and Storage Junction 
TJ, TSTG 
Temperature Range 


IRFPG40 
IRFPG42 
UNITS 


1000 
1000 
V 
1000 
1000 
V 
4.3 
3.9 
A 
17 
16 
A 
±20 
±20 
V 


150 
150 
W 
0.83 
0.83 
W/oC 
490 
490 
mJ 


-55to+150 
-55to+150 
oC 


~ 
•.••w 
w u.. 
z." 
zC 
<::IE 
:1::= 
Uw 
'~ 
Zc 
D.. 


LIMITS 


CHARACTERISTICS 
, 
SYMBOL 
TEST CONDITIONS 
MIN 
MAX. 
UNITS 


Drain-Source 
Breakdown Voltage 
BVOSS 
10 = 0.25mA, VGS = OV 
1000 
- 
V 


Gate Threshold Voltage 
VGS(TH) 
VGS = VOS, 10 = 0.25mA 
2.0 
4.0 
V 


Zero Gate Voltage Drain Current 
lOSS 
VGS=OV 
- 
f1A 


VOS=lOO0V 
TC=250C 
- 
250 
f1A 


VOS= 800V 
TC=1500C 
- 
1000 
f1A 


Gate-Source Leakage Current 
IGSS 
VGS=±20V 
- 
±500 
nA 


On Resistance 
rOS(ON) 
10 = 2.5A, VGS = 10V 


IRFPG40 
~ 
- 
3.5 
0 


IRFPG42 
- 
- 
4.2 
0 


Forward Transconductance 
gfs 
10 = 2.5A, VOS = lOOV 
3.5 
- 
s 


Turn-On Delay Time 
lc!ION\ 
VOO = SOOV,I= 3.9A 
- 
30 
ns 


RiseTime 
lr 
RG =9.10 
- 
50 
ns 


Turn-Off OelayTime 
lc!IOFF) 
RO = 1200 
- 
170 
ns 


Fall Time 
tf 
See Figure 14 
- 
50 
ns 


Total Gate Charge 
Og 
10 = 3.9A, VOS = 800V, VGS = 10V 
- 
120 
nC 


Thermal Resistance Junction to Case 
RaJC 
- 
0.83 
°C/W 


Thermal Resistance, Junction to Ambient 
RaJA 
- 
40 
OC/W 


LIMITS 


CHARACTERISTICS 
SYMBOL 
TEST CONDITIONS 
MIN 
MAX. 
UNITS 


Forward Voltage 
VSD 
ISO=4.3A 
- 
1.8 
V 


Reverse Recovery Time 
lrr 
IF = 3.9A, diF/dT = 100 N~s 
- 
1000 
ns 
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(II HARRIS 
IRFR120llRFR121 
IRFU120llRFU121 


N-Channel Power MOSFETs 


Avalanche-Energy-Rated 


• 8.4A, 80V and 100V 


• rDS(on) = 0.270 


• Single Pulse Avalanche 
Energy Rated 


• SOA is Power-Dissipation 
Limited 


• Nanosecond 
Switching 
Speeds 


• Linear Transfer 
Characteristics 


• High Input Impedance 


r1D~ :SOORAIURN 
CE 
°'i~~-W ~:::~:_ 
-=:_ -=:_ -=:_-:::~ GATE 


Description 


The IRFR120, IRFR121, IRFU120, IRFU121 are advanced 
power 
MOSFETs designed, 
tested, and guaranteed to 
withstand a specified level of energy in the breakdown 
avalanche 
mode 
of 
operation. 
These 
are 
n-channel 
enhancement-mode 
silicon 
gate 
power 
field-effect 


transistors designed for applications 
such as switching 
regulators, 
switching 
converters, 
motor 
drivers, 
relay 
drivers, 
and 
drivers 
for 
high-power 
bipolar 
switching 
transistors requiring high speed and low gate-drive power. 
These types 
can be operated 
directly 
from 
integrated 
circuits. 


Q 


SOURCE 


D'i-~~_ 
DRAIN 


. 
GATE 


Terminal Diagram 


N-CHANNELENHANCEMENTMODE 


The IRFU series is supplied 
in the TO-251M 
plastic 
package and the IRFR series is supplied in the TO-252M 
surface-mount plastic package. 


Because of space limitations branding (marking) on type 
IRFR120 
is IRF120, 
IRFR121 
is IFR121, 
IRFU120 is 
IFU120 and IRFU121 is IFU121. 


o 


G~ 


S 


Absolute 
Maximum Ratings 
(TC = 250C) Unless Otherwise Specified 


Gate-SourceVoltage,VGS 
±20V 


ContinuousDrainCurrent,ID 
TC= 25°C 
'.' . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 8AA 


TC= 100°C 
5.9A 


PulsedDrainCurrent(1),IDM 
34A 


Single-PulseAvalancheEnergyRating(2),EAS .. . . . . . .. . .. .. . .. . . . . . . . . .. . .. . . . . . .. . .. . . . . . .. . . . .. . . . . . . .. . . . .. . . . . . . 
36mJ 


(SeeFigure14) 
MaximurnPowerDissipation,PD 
SOW 


UnearDeratingFactor 
0.4WfJC 


Operatingand StorageJunction 
TemperatureRange,TJ,TSTG 
-55 to +175°C 


MaximumLeadTemperatureforSoldering,TL 
3000C 


(0.063" (1.6mm)from casefor 1Os) 


1. Repetitive Rating: 
Pulse width limited by max. junction temperature. See 
Transient 
Thermal 
Impedance 
Curve (Figure 
5) 


2. VDD = 25V, Start TJ = +250C. l - 770~H. RG - 
250, 
Peak Il - BAA 
(See Figures 14 and 15) 


3. Pulse Test: Pulse width ~ 300~s. Duty Cycle ~ 2% 


4. Mounting 
pad must cover 
heats ink surface 
area. See Packages. 


CHARACTERISTIC 
TYPE 
MIN. 
TYP. 
MAX. 
UNITS 
TEST 
CONDITIONS 


evoss 
Drain-te-Source 
Breakdown 
IRFR120 
100 
Voltage 
IRFU120 
- 
- 
V 
Vo. 0 0 V, 100 250 pA 
IRFR121 
80 
IRFU121 


Ro.(on) 
Static Drain-ta-Source 
ALL 
- 
0.25 
0.27 
n 
Vo. - 10 V, 1005.9 
A 


On-State 
Resistance 0 


lo(on) 
On-State 
Drain 
Current 0 
ALL 
8.4 
- 
A 
Vo. > lo(on) 
x Ro.(on) 
Max. 


Vo.o 
10 V 


Vo.(th) 
Gate Threshold 
Voltage 
ALL 
2.0 
- 
4.0 
V 
Vo. 0 Vo., 10- 250 pA 


g" 
Forward 
Transconductance 
® 
ALL 
2.8 
4.2 
S(U) 
Vo.2: 
50 V, 10. 0 5.9 A 


10•• 
Zero-Gate 
Voltaga 
Drain 
Current 
250 
Vos - Max. Rating, Vas = 0 V 
, 


ALL 
pA 
Vo• 0 0.8 X Max. Rating 
- 
- 
1000 
Vo.o 
0 V. TJ 0 150'C 


10•• 
Gate-to-Source 
Leakage 
Forward 
ALL 
- 
- 
500 
Vo. - 20 V 
nA 
10•• 
Gate-to-Source 
Leakage 
Ravarse 
ALL 
- 
- 
-500 
Vo. 0 -20 V 


a. 
Total 
Gate Charge 
ALL 
9.7 
15 
Vo. - 10 V. 1008.4 
A 
a•• 
Gate-to-Source 
Charge 
ALL 
2.2 
3.3 
nC 
vo. 
0 0.8 X Max. Rating 
a•• 
Gata-to-Drain 
("Miller") 
Charge 
- 
2.3 
3.4 
See Fig. 16. (Independent 
of operating 
temperature) 


t,(on) 
Turn-On 
Delay 
Time 
ALL 
- 
8.8 
13 
Voo 050 
V. 10- 
8.4 A, Ro 018 n 


t, 
Rise Time 
ALL 
- 
30 
45 
Roo5.1 
n 
ns 


t,(off) 
Turn-Off 
Delay 
Time 
ALL 
19 
29 
See Fig. 15 


t 
Fall Time 
ALL 
20 
30 
(Independent 
of operating 
temperature) 


Lo 
Internal 
Drain Inductance 
ALL 
4.5 
nH 
Measured 
from the drain 
Modified 
MOSFET 
laad, 6mm 
(0.25 in.) from 
symbol 
showing 
the 
package 
to center 
of die. 
internal 
inductances. 


L. 
Internal 
Source 
Inductance 
ALL 
- 
7.5 
- 
nH 
Measured 
from the source 


.~ 


lead, 6mm 
(0.25 in.) from 
package to source bonding 
pad. 


C,. 
Input Capacitance 
ALL 
- 
350 
- 
Vo. 0 0 V, Vo. 0 25 V 


C_ 
Output 
Capacitance 
ALL 
- 
130 
- 
pF 
f 01.0 
MHz 


C~. 
Reverse Transfer 
Capacitance 
ALL 
24 
see Fig. 10 


CHARACTERISTIC 
TYPE 
MIN. 
TYP. 
MAlt 
UNITS 
TEST 
CONDITIONS 


I. 
Continuous 
Source Current 
ALL 
- 
- 
8.4 
Modified 
MOSFET 
symbol 
showing 


(Body 
Diode) 
the integral 
reverse 


.~ 


A 
p-n junction 
rectifier. 


I••• 
Pulsed Source 
Current 
ALL 
- 
- 
34 


(Body 
Diode) 0 


v.o 
Diode 
Forward 
Voltage 0 
ALL 
2.5 
V 
TJ 0 25°C, 
1.08.4 
A, Vo. 0 0 V 


t" 
Reverse Recovery 
Time 
ALL 
55 
110 
240 
ns 
a•• 
Reverse 
Racovery 
Charge 
ALL 
0.25 
0.53 
1.1 
pC 
TJ 0 25°C, 
1,08.4 
A. di/dt 
0100 
AI/IS 


10. 
Forward 
Turn-On 
Time 
ALL 
Intrinsic 
turn-on 
time is negligible. 
Turn-on 
speed is substantially 
controlled 
by La + Lo. 


R~ 
Junction-to-Case 
ALL 
3.0 


RSC. 
Case-to-Sink 
ALL 
1.7 
'CIW 
Typical 
solder 
mount 0 


R//JA 
Junction-to-Ambient 
ALL 
110 
Typical 
socket 
mount 


o Repetitive 
Rating; 
Pulse width 
limited 
by 
0 Pulse Width S 300 /IS; Duty 
Cycle S 2%. 


maximum 
junction 
temperature 
(see Fig. 5). 


o At Voo 0 25 V, Starting 
TJ 0 25° C, 
L 0 770 pH, Ro 0 25 n. Paak Ie 0 8.4 A. 


o Mounting 
pad must cover heatsink surface 


area. See Case Style drawing 
on front page. 
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Fig. 6 - Typical transconductanca 
vs. drain current. 
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dioda forward voltage. 
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Fig. 12 - 
Typical on-resistance 
vs. drain current 
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Fig. 13 - 
Maximum drain current vs. case 
temperature 


I 
I 
: 
If 


tel(aII) 


Fig. 15b - 
switching time waveforms 


- 
or=JI,·SmA 


'G 
QJRREIIT 
SMRIIG 
RESISTOR 


II) 


CUIIlENT 
SMRIIG 
RESISTOR 


IRFR220/221/222 
IRFU220/221/222 
N-Channel Power MOSFETs 


Avalanche-Energy-Rated 


(I) HARRIS 


Features 


• 3.8A and 4.6A, 150V and 200V 


• rDS(O~) = 0.800 
and 1.20 


• Single Pulse Avalanche 
Energy Rated 


• SOA is Power-Dissipation 
Limited 


• Nanosecond 
Switching 
Speeds 


• Linear Transfer 
Characteristics 


Description 


The IRFR220, IRFR221, IRFR222, IRFU220, IRFU221 and 
IRFU222 are advanced power MOSFETs designed, tested, 
and guaranteed to withstand a specified level of energy in 
the breakdown avalanche mode of operation. These are 
n-channel 
enhancement-mode 
silicon 
gate 
power 
field-effect 
transistors designed for applications such as 
sWitching regulators, sWitching converters, motor drivers, 
relay drivers, and drivers for high-power bipolar switching 
transistors requiring high speed and low gate-drive power. 
These types 
can be operated 
directly 
from 
integrated 
circuits. 


The IRFU series is supplied 
in the TO-251 AA plastic 
package and the IRFR series is supplied in the TO-252AA 
surface-mount plastic package. 


Because of space limitations branding (marking) on type 
IRFR220 is IRF220, 
IRFR221 
is IFR221, 
IRFR222 
is 
IRF222, IRFU220 
is IFU220 and 
IRFU221 is IFU221, 
IRFU222 is IFU222. 
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Terminal Diagram 


N-CHANNELENHANCEMENTMODE 


Absolute 
Maximum Ratings 
(TC = 250C) Unless Otherwise Specified 


IRFR220/221 
IRFU220/221 
ContinuousDrainCurrent 
TC= 25°C......•....•.......•.•.......•................. 
10 
TC= 100°C ....•...........................•.•.....•.•.• 
10 
PulsedDrainCurrent....•.......•.........•..•...........•. 
IDM 
Gate-SourceVoltage ...•............•.........•..•......• 
VGS 
MaximumPowerDissipation 
TC= 25°C.•....•.......•......................•......... 
Po 
UnearDeratingFactor......•......•..........•..............•... 
SinglePulseAvalancheEnergyRating(2) 
EAS 
OperatingandStorageJunction 
TJ,TSTG 
TemperatureRange 
MaximumLeadTemperatureforSoldering......•.............. 
TL 
(0.063"(1.6mm)fromcasefor 1Os) 


IRFR222 
IRFU222 
UNITS 


3.8 
A 
2.4 
A 
15 
A 
±20 
V 


50 
W 
0.4 
W/oC 
85 
mJ 
-55 to +150 
°C 


300 
°C 


50 
0.4 
85 
-55to+150 


NOTES: 


1. Pulse Tesl: Pulse widlh ~ 300"". 
Duty Cycle ~ 2% 
3. Mounting pad must cover healslnk surface area. See Packages. 


2. VDD = 10V. Start TJ = +250C. L = 6.18mH. RG = son. Peak IL - 4.6A 
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CHARACTERISTIC 
TYPE 
MIN. 
TYP. 
MAX. 
UNITS 
TEST CONOITIONS 


BVoss 
Orain-te-Source 
Breakdown 
IRFR221 
150 
- 
- 
Voltage 
IRFU221 


IRFR220 
V 
Vos = 0 V. 10 = 250 I'A 
IRFR222 
200 
- 
- 
IRFU220 


IRFU222 


Reslon) 
Static Drain-ta-Source 
IRFR220 
-" 


On-State 
Aesistance 
@ 
IRFR221 
- 
0.47 
0.80 
IRFU220 
0 
Vos = 10V, 10 = 2.4 A 
IRFU221 


IRFR222 
- 
0.80 
1.2 
IRFU222 


lo(on) 
On-State 
Oraln Current 
f..!) 
IRFR220 
. 


IRFR221 
4.6 
IRFU220 
A 
Vos> lo(on) x Ros(on) Max. 
- 
- 
IRFU221 
Vos = lQV 


IRFR222 
3.8 
IRFU222 


Vos(th) 
Gate Threshold 
Voltage 
ALL 
2.0 
4.0 
V 
Vos - Vos. 10 - 250 pA 


go, 
Forward 
Transconductance 
CD 
ALL 
1.7 
2.6 
- 
S (U) 
Vos 2: 50 V. IDS= 2.4 A 
, 


10•• 
Zero-Gate 
Voltage Drain Current 
250 
Vos = Max. Rating, 
Vos - 0 V 


ALL 
I'A 
Vos = 0.8 X Max. Rating 
- 
- 
1000 
Vos = 0 V. T" = 125°C 


10•• 
Gate-to~Source Leakage Forward 
ALL 
- 
- 
500 
Vos=20V 
nA 
10•• 
Gate-ta-Source 
Leakage Reverse 
ALL 
-500 
Vos = -20 V 
-- 


a, 
Total Gate Charge 
ALL 
- 
12 
18 
Vos = lOV, 10 = 4.6 A 


a" 
Gate-ta-Source Charge 
ALL 
2.3 
3.4 
nC 
Vos = 0.8 x Max. Rating 


a" 
Gate-ta-Drain 
("Miller") 
Charge 
- 
4.5 
6.8 
See Fig. 16. (Independent 
of operating 
temperature) 


td(on) 
Turn-On 
Delay Time 
ALL 
8.8 
13 
Voo - 100 V. 10- 
4.6 A. RG 
180 


t. 
Rise Time 
ALL 
- 
27 
41 
Ro = 180 
ns 
I..(off) 
Turn-Oft 
Delay Time 
ALL 
- 
21 
32 
See Fig. 15 


t. 
Fall Time 
ALL 
- 
14 
21 
(Independent 
of operating 
temperature) 


Lo 
Internal 
Drain Inductance 
ALL 
- 
4.5 
- 
nH 
Measured 
from the drain 
Modified 
MOSFET 
lead. 6mm (0.25 in.) from 
symbol 
showing 
the 
package 
to center of die. 
internal 
inductances. 


Ls 
Internal 
Source 
Inductance 
ALL 
- 
7.5 
- 
nH 
Measured 
from the source 


~ 


lead. 6mm (0.25 in.) from 
package 
to source bonding 
o 
•• 
ped. 
. 


C,. 
Input Capacitance 
ALL 
- 
330 
- 
VGS= 0 V. Vos = 25 V 


C~, 
Output 
Capacitance 
ALL 
- 
120 
- 
pF 
f = 1.0 MHz 


C•• 
Reverse Transfer 
Capacitance 
ALL 
- 
41 
- 
See Fig. 10 


CHARACTERISTIC 
TYPE 
MIN. 
TYP. 
MAX. 
UNITS 
TEST CONDITIONS 


fs 
Continuous 
Source Current 
ALL 
- 
- 
4.6 
Modified 
MOSFET symbol 
showing 


(Body Diode) 
the integral 
reverse 
.~ 


A 
p-n Junction 
rectifier. 


ISM 
Pulsed Source Current 
ALL 
- 
- 
18 


(Body Diode) 


- 


Vso 
Diode Forward 
Voltage 
CD 
ALL 
- 
- 
1.8 
V 
TJ = 25° C. Is = 4.6 A. VGS= 0 V 
~. 
Reverse Recovery 
Time 
ALL 
69 
170 
400 
ns 
a•• 
Reverse Recovery 
Charge 
ALL 
0.30 
0.72 
1.8 
pC 
T," 
25'C. 
I," 
4.6 A. di/dl 
= 100 Alps 
,_ 
Forward 
Turn-On 
Time 
ALL 
Intrinsic 
turn-on 
time is negligible. 
Turn-on 
speed is substantially 
controlled 
by Ls + Lo. 


THERMAL 
RESISTANCE 


R8JC 
Junction-to-Case 


R9=s 
Case-to-Sink 


R9JA 
Junction-to-Ambient 
(!) 
Pulse Width :5:300 J1S; Duty Cycle S 2%. 


Typical 
solder mount 
@ 


Typical 
socket 
mount 


<!:> Voo = 10 V. Starting 
TJ = 25°C. 
L = 6.18 mHo RG= 50 O. Peak II. = 4.6 A. 
@. Mounting 
pad must cover heatsink 
surface 


area. See Case Style drawing 
on front page. 
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Fig. 2 - Typical transfer characteristics. 
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Fig. 8 - Breakdown 
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vs. temperature. 
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Fig. 12 - 
Typical on-resistance 
vs. drain current 
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IRFR320/321/322 
IRFU320/321/322 


N-Channel Power MOSFETs 


Avalanche-Energy-Rated 


;))HARRIS 


• 2.6A and 3.1A, 350V and 400V 


• rDS(on) = 1.800 and 2.50 


• Single Pulse Avalanche Energy Rated 


• SOA is Power-Dissipation 
Limited 


• Nanosecond Switching Speeds 


• Linear Transfer Characteristics 


• High Input Impedance 


Description 


The IRFR320. IRFR321. IRFR322. IRFU320. IRFU321 and 
IRFU322 are advanced power MOSFETsdesigned. tested. 
and guaranteed to withstand a specified level of energy in 
the breakdown avalanche mode of operation. These are 
n-channel 
enhancement-mode 
silicon 
gate 
power 
field-effect transistors designed for applications such as 
switching regulators. switching converters. motor drivers. 
relay drivers. and drivers for high-power bipolar sWitching 
transistors requiring high speed and low gate-drive power. 
These types can be operated directly from integrated 
circuits. 


The IRFU series is supplied in the TO-251AA plastic 
package and the IRFRseries is supplied in the TO-252AA 
surface-mount plastic package. 


Because of space limitations branding (marking) on type 
IRFR320 is IRF320. IRFR321 is IFR321. IRFR322 is 
IRF322. IRFU320 is IFU320 and IRFU321 is IFU321. 
IRFU322 is IFU322. 


Packages 


IRFU320/321/322 
TO-251AA 
TOP VIEW 


SOURCE 


DRAIN 


GATE 
a 


SOURCE 
D'i~~_ 
DRAIN 


GATE 


Terminal Diagram 


N-CHANNEL 
ENHANCEMENT 
MODE 


Absolute Maximum Ratings (TC = 250Cl. Unless Otherwise Specified 


IRFU320/321 
IRFR320/321 
Continuous 
Drain Current 
TC = 25°C ..•.......................••.•••••.•........... 
10 
TC = 100°C 
.....•....•.................................. 
10 
Pulsed Drain Current ••..•.•....•••......................... 
IOM 
Gate-Source 
Voltage 
.........................•......•.... 
VGS 
Maximum Power Dissipation 
TC = 25°C ....................••••....................... 
Po 


Unear Derating Factor ..............•.......•••••................ 
Single Pulse Avalanche 
Energy Rating (2) 
EAS 
Operating 
and Storage Junction 
................•....... 
TJ. TSTG 
Temperature 
Range 
Maximum Lead Temperature 
for Soldering 
TL 
(0.063" 
(1.6mm) from case for 10s) 


IRFU322 
IRFR322 
UNITS 


2.6 
A 


1.7 
A 
10 
A 
±20 
V 


50 
W 
0.4 
W/oC 
190 
mJ 
-55to+150 
°C 


300 
°C 


50 
0.4 
190 
-55to+150 


1. Pulse Test: Pulse width ~ 300jJ.s, Duty Cycle :$ 2% 
3. Mounting pad must cover heatsink surface area. See Packages. 


2. VOO - 
50V. Start TJ - 
+250C. 
L = 3.1 mHo Ra = 250, 
Peak IL = 3.1A 


CHARACTERISTIC 
TYPE 
MIN. 
TYP. 
MAX. 
UNITS 
TEST CONOITIONS 


BVos! 
Drain-la-Source 
Breakdown 
IRFR321 
350 
- 
- 
Voltag6 
IRFU321 


IRFR320 
V 
Vos = 0 V. 10 = 250 lIS 
IRFU322 
400 - 
- 
IRFR320 


IRFU322 


Ros(on) 
Static Drain-la-Source 
IRFR320 


On-State Resistance CD 
IRFR321 
- 
1.6 
1.B 
IRFU320 
0 
Vos=10V,lo=1.7A 
IRFU321 


IRFR322 
- 
1.6 
2.5 
IRFU322 


lo(on) 
On-State Drain Current G) 
IRFR320 


IRFU320 
3.1 
IRFR321 
Vos> lo(on) x Ros(on} Max. 
- 
- 
A 
IRFU321 
Vas = lQV 


IRFR322 
2.6 
IRFU322 


Vo,(lh) 
Gate Threshold Voltage 0 
ALL 
2.0 
4.0 
V 
Vos - Vos, 10 = 250 pA 


g•• 
Forward Transconductance 
ALL 
1.7 
2.6 
5 (U) 
Vos~50V, 
los= 1.7 A 


10•• 
Zero-Gate Voltage Drain Current 
- 
250 
Vos = Max. 
Rating, 
Vos = 0 V 


ALL 
pA 
Vos = 0.8 X Max. Rating 
- 
- 
1000 
Vos = 0 V, TJ = 125°C 


I••• 
Gate-la-Source 
Leakage Forward 
ALL 
500 
Vas 
= 20 V 
nA 
I••• 
Gate-la-Source 
Leakage Reverse 
ALL 
- 
- 
-500 
Vos = -20 V 
0, 
Total Gate Charge 
ALL 
t3 
20 
Vos = 10 V, 10 
3.1 A 
0•• 
Gate-la-Source 
Charge 
ALL 
- 
2.2 
3.3 
nC 
Vos = 0.8 X Max. Rating 


0" 
Gate-la-Drain 
("Miller") Charge 
7.2 
11 
See Fig. 16. (Independent 
of operating temperature) 


t.(on) 
Turn-On 
Delay Time 
ALL 
- 
10 
15 
Voo= 
200 V, 10-3.1 A. Ro = 18 Cl 


t 
Rise Time 
ALL 
14 
21 
R.= 
560 
ns 


t.(olf) 
Turn-Off 
Delay Time 
ALL 
- 
30 
45 
See Fig. 15 


t, 
Fall Time 
ALL 
13 
20 
(Independent of operating temperature) 


Lo 
Internal Drain Inductance 
ALL 
- 
4.5 
- 
nH 
Measured from the drain 
Modified 
MOSFET 
lead, 6mm (0.25 in.) from 
symbol showing the 
package to center of die. 
internal inductances. 


L, 
Internal Source Inductance 
ALL 
7.5 
nH 
Measured from the source 


~ 


lead, 6mm (0.25 in.) from 
package to source bonding 
pad. 


C,. 
Input Capacitance 
ALL 
- 
350 
- 
Vos = 0 V. Vos = 25 V 


C_ 
Output Capacitance 
ALL 
64 
pF 
f= 1.0 MHz 


c... 
Reverse Transfer Capacitance 
ALL 
- 
B.l 
- 
See Fig. 10 


CHARACTERISTIC 
TYPE 
MIN. 
TYP. 
MAX. 
UNITS 
TEST CONDITIONS 


I, 
Continuous Source Current 
ALL 
- 
- 
3.1 
Modified MOSFET symbol showing 


(Body Diode) 
the 
integral 
ravs'rse 


~ 


A 
p-n junction rectifier. 


I'M 
Pulsed Source Current 
ALL 
- 
- 
12 


(Body Diode) 


V.o 
Diode Forward Voltage G) 
ALL 
1.6 
V 
TJ = 25° C. Is = 3.1 A. Vos = 0 V 


t. 
Reverse Recovery Time 
ALL 
120 
270 
600 
ns 
0••• Reverse Recovery Charge 
ALL 
0.64 
1.4 
3.0 
pC 
T,' 
25·C. 
I. = 3.1 A. di/dt = 100 A//IS 


to.. 
Forward Turn-On Time 
ALL 
Intrinsic turn-on time is negligible. Turn-on speed is substantially controlled by l!l + Lo. 


THERMAL 
RESISTANCE 


R(J.1iC 
Junction-to-Case 


Rscs 
Case-to-Sink 


R8JA 
Junction-to-Ambient 


CD Pulse Width :S 300 /IS; Duty Cycle :S 2%. 


Typical solder mount 0 


Typical socket mount 
o Mounting pad must cover heats Ink surface 
area. See Case Style drawing on front page. 
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Fig. 12 - 
Typical on-resistance 
vs. drain current 
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IRFR420/421/422 
IRFU420/421/422 
N-Channel Power MOSFETs 


Avalanche-Energy-Rated 


fIIHARRIS 


Features 


• 2.2A and 2.5A, 450V and 500V 


• rDS(on) = 3.00 and 4.00 


• Single Pulse Avalanche Energy Rated 


• SOA is Power-Dissipation 
Limited 


• Nanosecond Switching 
Speeds 


• Linear Transfer Characteristics 


• High Input Impedance 


Description 


The IRFR420, IRFR421, IRFR422, IRFU420, IRFU421 and 
IRFU422 are advanced power MOSFETs designed, tested, 
and guaranteed to withstand a specified level of energy in 
the breakdown avalanche mode of operation. These are 
n-channel 
enhancement-mode 
silicon 
gate 
power 
field-effect transistors designed for applications such as 
switching regulators, sWitching converters, motor drivers, 
relay drivers, and drivers for high-power bipolar switching 
transistors requiring high speed and low gate-drive power. 
These types can be operated directly from integrated 
circuits. 


The IRFU series is supplied in the TO-251M 
plastic 
package and the IRFR series is supplied in the TO-252M 
surface-mount plastic package. 


Because of space limitations branding (marking) on type 
IRFR420 is 
IRF420, IRFR421 is IFR421, IRFR422 is 
IRF422, IRFU420 is IFU420 and IRFU421 is IFU421, 
IRFU422 is IFU422. 


Packages 
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TO-251M 
TOP VIEW 
[J~ : 
SOURCE 


D~~~_~ 
~::~:__=:__=:__=:__::::~ 
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SOURCE 


D~~~_ 
DRAIN 


GATE 


Terminal Diagram 


N-CHANNEL 
ENHANCEMENT 
MODE 


Absolute 
Maximum Ratings (TC = 250C), Unless Otherwise Specified 


IRFU420/421 
IRFR420/421 
Continuous 
Drain Current 
TC = 25°C. 
. . . . . • . . . . . . •. . . . . . . . . •. . • • . . . . . . • . •. •. • . . • . .. 
10 
TC = 100°C 
••.•..•.•..•.•..•.•.•.•.•.•..•.•.•.••••...... 
10 
Pulsed Drain Current •..............................•....•.. 
10M 
Gate-Source 
Voltage 
•.•..•.•..........•.........•.....••. 
VGS 
Maximum Power Dissipation 


TC = 25°C .•••..•......•.•.......•.........•....•........ 
Po 
Unear Derating Factor .•..•.•.........•.............••........... 
Single Pulse Avalanche 
Energy Rating (2) ••...........•.••.•.. 
EAS 
Operating 
and Storage Junction 
......•.........•..•.•.. 
TJ, TSTG 
Temperature 
Range 
Maximum Lead Temperature 
for Soldering 
..........•.......... 
TL 
(0.063" 
(1.6mm) from case for 10s) 


IRFU422 
IRFR422 
UNITS 


2.2 
A 
1.4 
A 
7 
A 
±20 
V 


50 
W 
0.4 
W/oC 
210 
mJ 
-55to+150 
°C 


300 
°C 


50 
0.4 


210 
-55to+150 


1. Pulse Test: 
Pulse width 
~ 300J.ls. Duty Cycle.So 2% 
3. Mounting 
pad must cover 
heatsink 
surface 
area. See Packages. 


2. Vaa 
= SOY. Start TJ = +2SoC. 
L = 60mH. Ra = 2S0. 
Peak IL = 2.SA 


~ 
~ •... 
•... "- 
zen 
zCl 
c:::E 
:Ca: 
u ••.• 
'3 
ZClc.. 


Specifications 
JRFR420, JRFR421, JRFR422, JRFU420, JRFU421, JRFU422 


ELECTRICAL 
CHARACTERISTICS, 
At TJ = 25°C 
(Unless 
Otherwise 
Specified) 


CHARACTERISTIC 
TYPE 
MIN. 
TYP. 
MAX. 
UNITS 
TEST CONDITIONS 


BVoss 
Drain-ta-Source 
Breakdown 
IRFR421 
450 
- 
- 
Voltage 
IRFU421 


IRFR420 
V 
Vo, = 0 V. I. = 250 pA 
IRFR422 
500 
- 
- 
IRFU420 


IRFU422 


Ros(on) 
Static Drain-la-Source 
IRFR420 


On-Stale 
Resistance ® 
IRFR421 
- 
2.9 
3.0 
IRFU420 
0 
Vos=10V,lo=1.3A 
IRFU421 


IRFR422 
- 
- 
4.0 
IRFU422 


lo(on) 
on-St8te 
Drain Current 
CD 
IRFR420 
. 


IRFR421 
2.5 
IRFU420 
Vos> 
lo(on) x Ros(on} Max. 
- 
- 
A 
IRFU421 
Vos = lOV 


IRFR422 
2.2 
IRFU422 


Vo,(th) 
Gate Threshold 
Voltage 
ALL 
2.0 
- 
4.0 
V 
Vos - Vos, 10= 250 pA 


gl, 
Forward TransconductanceC!) 
ALL 
1.5 
2.2 
- 
S'U) 
Vos ~ 
50 V. IDS - 
1.4 A 


I••• 
Zero-Gate 
Voltage Drain Current 
- 
- 
250 
Vos = Max. Rating, Vos = 0 V 


ALL 
pA 
Vos = 0.8 X Max. Rating 
- 
- 
1000 
Vos = 0 V. TJ = 125°C 


loss 
Gate-la-Source 
Leakage Forward 
ALL 
- 
500 
Vos-20V 
nA 
loss 
Gate-la-Source 
Leakage Reverse 
ALL 
- 
- 
-500 
Vos = -20 V 


0, 
Total Gate Charge 
ALL 
- 
13 
19 
Vos = tOV, 10= 2.5 A 


0•• 
Gale-la-Source 
Charge 
ALL 
- 
2.2 
3.3 
nC 
Vos = 0.8 X Max. Rating 


0•• 
Gate-la-Drain 
("Miller") 
Charge 
- 
6.8 
10 
See Fig. 16. (Independent 
of operating 
temperature) 


"'(on) 
Turn-On 
Delay Time 
ALL 
- 
10 
15 
Vee = 250 V, Ie - 
2.5 A, Ro = 180 


~ 
Rise Time 
ALL 
- 
12 
18 
R.=lOO0 
ns 
"'(off) 
Turn-Olf 
Delay Time 
ALL 
- 
28 
42 
See Fig. 15 


t, 
Fall Time 
ALL 
- 
12 
18 
(Independent 
of operating 
temperature) 


L. 
Internal 
Drain Inductance 
ALL 
- 
4.5 
- 
nH 
Measured from the drain 
Modified 
MOSFET 
leed. 6mm (0.25 in.) from 
symbol 
showing 
the 


package 
to center of die. 
internal 
Inductances. . 


L, 
Internal 
Source Inductance 
ALL 
- 
7.5 
- 
nH 
Measured from the source 
.~ 


lead, 6mm (0.25 in.) from 
package 
to source bonding 
pad. 
". 


C,. 
Input Capacitance 
ALL 
- 
350 
- 
Vas - 0 V, Vos = 25 V 


C~, 
Output 
Capacitance 
ALL 
- 
54 
- 
pF 
1= 1.0 MHz 


C., 
Reverse Transfer 
Capacitance 
ALL 
- 
9.6 
- 
See Fig. 10 
r 


CHARACTERISTIC 
TYPE 
MIN. 
TYP. 
MAX. 
UNITS 
TEST CONDITIONS 


I, 
Continuous 
Source Current 
ALL 
- 
- 
2.5 
Modified 
MOSFET symbol 
showing 
.~ 


(Body Diode) 
the integral 
reverse 


A 
p-n junction 
rectifier. 


I•• 
Pulsed Source Current 
ALL 
- 
- 
8 


(Body Diode) 
, 


V,. 
Diode Forward Voltage <D 
ALL 
- 
- 
1.6 
V 
TJ - 25°C, Is = 2.5 A, Vas - 0 V 
t. 
Reverse Recovery Time 
ALL 
130 
270 
540 
ns 


OAR 
Reverse Recovery 
Charge 
ALL 
0.57 
1.2 
2.3 
pC 
T, = 25"C. I, = 2.5 A. di/dt 
= 100 AlpS 


t_ 
Forward 
Turn-On 
Time 
ALL 
Intrinsic 
turn-on 
time is negligible. 
Turn-on 
speed is substantially 
controlled 
by Ls + Le. 


Junction-to-Case 


Case-to-Sink 


Junction-to-Ambient 


Typical 
solder mount 0 


Typical 
socket mount 


G> Pulse Width'; 
300 pS; Duty Cycle'; 
2%. 
(j) VDO = 50 V. Sterting 
T, = 25' C. 


L = 60 mHo Ro = 25 O. Peek I, = 2.5 A. 


G> Mounting 
pad must cover heatslnk 
surface 


area. See Case Style drawing 
on front page. 
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NOTES: 
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III HARRIS 
RFJ.1N08 
RFJ.1N10 


N-Channel Enhancement-Mode 


Power Field-Effect Transistors 


Features 


• 1A, 80Vand 
100V 


• RDS(on) = 1.20 


• SOA is Power-Dissipation 
Limited 


• Nanosecond 
Switching 
Speeds 


• Linear Transfer 
Characteristics 


• High Input Impedance 


• Majority Carrier Device 


SOUTIRCE 
0 
GATE 


o 
0 


DRAIN 
(CASE) 


Description 


The RFL1N08 and RFL1N10 are n-channel 
enhancement 
mode silicon-gate 
power field-effect transistors designed for 
applications 
such 
as 
switching 
regulators. 
sWitching 
converters. motor drivers. relay drivers. and drivers for high- 
power bipolar switching transistors requiring high speed and 
low gate-drive power. These types can be operated directly 
from integrated circuits. 


The RFL-series types are supplied in the JEDEC TO-205AF 
metal package. 


Terminal Diagram 


N-CHANNELENHANCEMENTMODE 
D 


Absolute 
Maximum 
Ratings 
(TC = +250C). Unless Otherwise Specified 


RFL1N08 


Drain-SourceVoltage 
VOSS 
Drain-GateVoltage(AGS= 1MO) 
VDGR 
Gate-SourceVoltage 
VGS 
DrainCurrent.RMSContinuous...........•............................. 
10 
Pulsed 
10M 
PowerDissipationTotal@ TC = 25°C 
Po 
DeratingAboveTC= 250C 
. 


OperatingandStorageJunctionTemperatureAange 
TJ.TSTG 


80 
80 
±20 
1 
5 
8.33 
0.0667 
-55 to +150 


RFL1Nl0 
UNITS 


100 
V 
100 
V 


±20 
V 
1 
A 


5 
A 


8.33 
W 


0.0667 
W/oC 


-55 to +150 
°C 


LIMITS 


RFL1N08 
RFL1N10 


CHARACTERISTIC 
SYMBOLS 
TEST CONDITIONS 
MIN 
MAX 
MIN 
MAX 
UNITS 


Drain-Source Breakdown Voltage 
BVOSS 
10 = 1mA, VGS = 0 
80 
- 
100 
- 
V 


Gate-Threshold Voltage 
VGS(th) 
VGS = VOS' 10 = 250flA 
2 
4 
2 
4 
V 


Zero-Gate Voltage Drain Current 
lOSS 
VOS=65V 
- 
1 
- 
- 
flA 


VOS=80V 
- 
- 
- 
1 
flA 


TC=+1250C 
VOS=65V 
- 
50 
- 
- 
flA 


VOS=80V 
- 
- 
- 
50 
flA 


Gate-Source Leakage Current 
IGSS 
VGS = ±20V, VOS = 0 
- 
100 
- 
100 
nA 


Drain-Source On-Voltage 
VOS(on)* 
10 = 1A,VGS = 10V 
- 
1.2 
- 
1.2 
V 


10= 2A,VGS = 10V 
- 
3.3 
- 
3.3 
V 


Static Drain-Source On Resistance 
rOS(on)* 
10= 1A,VGS = 10V 
- 
1.2 
- 
1.2 
0 


Forward Transconductance 
9fs* 
10= 1A,VOS = 10V 
400 
- 
400 
- 
S(Ul 


Input Capacitance 
CISS 
VGS = OV,VOS = 25V 
- 
200 
- 
200 
pF 
f=1MHz 
Output Capacitance 
COSS 
- 
80 
- 
80 
pF 


Reverse-Transfer Capacitance 
CRSS 
- 
25 
- 
25 
pF 


Turn-On Delay Time 
'd(on) 
10= 1A, VOO = 50V 
17 (typ) 
25 
17 (typ) 
25 
ns 


RiseTime 
Ir 
RGEN = RGS = 500 
30 (typ) 
45 
30 (typ) 
45 
ns 
VGS=10V 
Turn-Off OeJayTime 
'd(off) 
30 (typ) 
45 
30 (typ) 
45 
ns 


Fall Time 
tf 
30 (typ) 
50 
30 (typ) 
50 
ns 


Thermal Resistance Junction-to-Case 
ReJC 
- 
15 
- 
15 
°C/W 


LIMITS 


RFL1N08 
RFL1N10 


CHARACTERISTIC 
SYMBOLS 
TEST CONDITIONS 
MIN 
MAX 
MIN 
MAX 
UNITS 


Diode Forward Voltage 
VSO* 
ISO=1A 
- 
1.4 
- 
1.4 
V 


Diode Reverse Recovery Time 
Irr 
IF=2A 
100 (typ) 100 (typ) 100 (typ) 100(typ) 
ns 
dlF/dt = 50NIlS 
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Fig. 2 - Power dissipation 
vs. temperature 
derating curve 


for all types. 


Fig. 4 - Normalized 
drain-to-source 
on resistance to junction 
tem- 
perature 
for all types. 
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Fig. 3 - Typical normalized gate threshold 
voltage as a function 


of junction 
temperature 
for all types. 
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Fig. 6 - Normalized switching wavetorms for constant gate-current. 


Reter to Harris application notes AN-7254 and AN-7260. 
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Fig. 8 - Typical drain-to-source 
on resistance 
as a function 
of 
drain current for a/l types. 


Fig. 10 - Typical 
forward 
transconductance 
as a function 
of 
drain current for a/l types. 
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;lJHARRIS 


Features 


• lA, 120V and 150V 


• rDS(on) = 1.90 


• SOA is Power-Dissipation 
Limited 


• Nanosecond Switching 
Speeds 


• Linear Transfer Characteristics 


• High Input Impedance 


• Majority Carrier Device 


Description 


The 
RFL1N12 
and 
RFL1N15 
are 
n-channel 
enhancement-mode silicon-gate power field-effect transistors 
designed 
for 
applications 
such 
as switching 
regulators, 
switching converters, motor drivers, relay drivers, and drivers 
for high-power 
bipolar switching transistors requiring high 
speed and low gate-drive power. Thesetypes can be operated 
directly from integrated circuits. 


The RFL-series types are supplied in the JEDEC TO-205AF 
metal package. 


RFI.1N12 
RFI.1N15 
N-Channel Enhancement-Mode 
Power Field-Effect Transistors 


SOUTIRCE 
0 
GATE 


DRAIN 
(CASE) 


Terminal Diagram 


N-CHANNEL 
ENHANCEMENT 
MODE 


Absolute 
Maximum 
Ratings 
(TC = +250Cl, Unless Otherwise Specified 


RFL1N12 


Drain-Source 
Voltage •............................•••••••• 
VOSS 


Drain-Gate 
Voltage (RGS = 1MOl 
..•.••••...............•.. 
VDGR 


Continuous 
Drain Current ..........................••••••••.• 
ID 
Pulsed Drain Current. 
•................••••.••.....•.••••••• 
IDM 
Gate-Source 
Voltage 
..•.....••••....••••................• 
VGS 
Maximum Power Dissipation 
TC=+250C 
.•••.....•....•••..........................•. 
PD 
Unear Derating Factor .........•••....•...••....••............. 
Operating 
and Storage Temperature 
........•••••.•..... 
TJ' TSTG 


RFL1N15 


150 


150 
1A 
5 
±20 


UNITS 


V 


V 
A 
A 
V 


8.33 
0.0667 
-55 to +150 


8.33 
0.0667 
-55to+150 


W 
WjOC 
°C 


LIMITS 


RFL1N12 
RFL1N15 


CHARACTERISTIC 
SYMBOLS 
TEST CONDITIONS 
MIN 
MAX 
MIN 
MAX 
UNITS 


Orain-Source Breakdown Voltage 
BVDSS 
10= lmA, VGS=O 
120 
- 
120 
- 
V 


Gate- Threshold Voltage 
VGS{th) 
VGS = VOS' 10 = 2mA 
2 
4 
2 
4 
V 


Zero-Gate Voltage Orain Current 
lOSS 
VOS= 100V 
- 
1 
- 
- 
~A 


VOS=120V 
- 
- 
- 
1 
~ 


TC = +1250C 
VOS= 100V 
- 
50 
- 
- 
~ 


VOS= 120V 
- 
- 
- 
50 
~A 


Gate-Source Leakage Current 
IGSS 
VGS = ±20V. VOS = 0 
- 
100 
- 
100 
nA 


Drain-Source On-Voltage 
VOS(on)· 
10 = lA, VGS = 10V 
- 
1.9 
- 
1.9 
V 


10 = 2A, VGS = 10V 
- 
6.3 
- 
6.3 
V 


Static Orain-Source On Resistance 
rOS(on)· 
10 = lA, VGS = 10V 
- 
1.9 
- 
1.9 
0 


Forward Transconductance 
9fs· 
10 = lA, VOS = 10V 
400 
- 
400 
- 
Sm) 


Input Capacitance 
CISS 
VGS = OV,VOS = 25V 
- 
200 
- 
200 
pF 
f=lMHz 
Output Capacitance 
COSS 
- 
80 
- 
80 
pF 


Reverse-Transfer Capacitance 
CRSS 
- 
25 
- 
25 
pF 


Turn-On Oelay Time 
!d(on) 
10 = lA, VOO = 75V 
17 (typ) 
25 
17 (typ) 
25 
ns 


RiseTime 
lr 
RGEN = RGS = 500 
30 (typ) 
45 
30 (typ) 
45 
ns 
VGS=10V 
Turn-Off OelayTime 
!d(off) 
30 (typ) 
45 
30 (typ) 
45 
ns 


Fall Time 
tf 
30 (typ) 
50 
30 (typ) 
50 
ns 


Thermal Resistance Junction-te-Case 
RElJC 
- 
5 
- 
5 
°CIW 


LIMITS 


RFL1N12 
RFL1N15 


CHARACTERISTIC 
SYMBOLS 
TEST CONDITIONS 
MIN 
MAX 
MIN 
MAX 
UNITS 


Oiode Forward Voltage 
VSO· 
ISO=lA 
- 
1.4 
- 
1.4 
V 


Oiode Reverse Recovery Time 
lrr 
IF=2A 
150 (typ) 150 (typ) 150 (typ) 150 (typ) 
ns 
dlF/dt = 50N~s 
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Fig. 4 - Normalized dram-to-source 
on resistance to junction 
tem- 
perature for all types. 


Fig. 3 - 
Typical normalized 
gate threshold voltage as a function 
of junction 
temperature 
for all types. 


Fig. 6. Normalized 
switching 
waveforms 
for constant 
gate-current 
drive. 


Fig. 8. Typical drain-to-source 
on resistance 
as a function 
of 
drain current 
for all types. 


Fig. 10. Typical forward 
transconductance 
as a function 
of drain 
current 
for all types. 
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mHARRIS 


Features 


• 1A, 180V and 200V 


• rDS(on) = 3.650 


• SOA is Power-Dissipation 
Limited 


• Nanosecond 
Switching 
Speeds 


• Linear Transfer 
Characteristics 


• High Input Impedance 


• Majority Carrier Device 


Description 


The RFL1N18 and RFL1N20 are n-channel enhancement- 
mode silicon-gate 
power field-effect transistors designed for 
applications 
such 
as 
switching 
regulators, 
switching 
converters, 
motor 
drivers, 
relay 
drivers, 
and 
drivers 
for 
high-power bipolar switching transistors requiring high speed 
and low gate-drive 
power. These types can be operated 
directly from integrated circuits. 


The RFL series types are supplied In the JEDEC TO-205AF 
metal package. 


RFI.1N18 
RFI.1N20 
N-Channel Enhancement-Mode 


Power Field-Effect Transistors 


TO-205AF 
BonOMVIEW 


SOUTIRCE 
0 
GATE 


o 
0 


DRAIN 
(CASE) 


Terminal Diagram 


N-CHANNEL ENHANCEMENT MODE 


D 


G~ 


Absolute Maximum Ratings (Tc = +250C), Unless Otherwise Specified 


RFL1N18 


Drain-SourceVoltage 
VOSS 
Drain-GateVoltage(RGS= 1MOl .........................• 
VDGR 
ContinuousDrainCurrent.. . . .. . .. . . . .. . .. .. . . . . . . .. .. . .. . . .. 10 
PulsedDrainCurrent. 
IDM 
Gate-SourceVoitage 
VGS 
MaximumPowerDissipation 
TC= +250C 
Po 
DerateAboveTC= +250C 
. 


OperatingandStorageTemperature 
TJ,TSTG 


RFL1N20 


200 


200 
1 
5 
±20 


UNITS 


V 


V 
A 
A 
V 


8.33 
0.0667 
-55 to +150 


W 
WjOC 
oC 


8.33 
0.0667 
-55 to +150 


LIMITS 


RFL1N18 
RFL2N20 


CHARACTERISTIC 
SYMBOLS 
TEST CONDITIONS 
MIN 
MAX 
MIN 
MAX 
UNITS 


Drain-Source 
Breakdown Voltage 
BVOSS 
10=1mA,VGS=0 
180 
- 
200 
- 
V 


Gate- Threshold Voltage 
VGS(th) 
VGS = VOS.IO = 2mA 
2 
4 
2 
4 
V 


Zero-Gate Voltage Drain Current 
lOSS 
VOS = 145V 
- 
1 
- 
- 
flA 


VOS = 160V 
- 
- 
- 
1 
flA 


TC = +1250C 
VOS= 145V 
- 
50 
- 
- 
flA 


VOS= 160V 
- 
- 
- 
50 
flA 


Gate-Source Leakage Current 
IGSS 
VGS = ±20V. VOS = 0 
- 
100 
- 
100 
nA 


Drain-Source 
On-Voltage 
VOS(on)* 
10= 1A,VGS = 10V 
- 
3.65 
- 
3.65 
V 


10 = 2A, VGS= 
10V 
- 
8.3 
- 
8.3 
V 


Static Drain-Source 
On Resistance 
rOS(on)* 
10 = 1A, VGS = 10V 
- 
3.65 
- 
3.65 
n 


Forward Transconductance 
9fs' 
10 = 1A,VOS = 10V 
400 
- 
400 
- 
Sm) 


Input Capacitance 
CISS 
VGS = OV.VOS = 25V 
- 
200 
- 
200 
pF 
f=1MHz 
Output Capacitance 
COSS 
- 
60 
- 
60 
pF 


Reverse-Transfer Capacitance 
CRSS 
- 
25 
- 
25 
pF 


Turn-On Delay Time 
Id(on) 
10 = 1A, VOO = 100V 
15 (typ) 
25 
15 (typ) 
25 
ns 


Rise Time 
lr 
RGEN = RGS = 50n 
20 (typ) 
30 
20 (typ) 
30 
ns 
VGS=10V 
Turn-Off Delay Time 
Id(off) 
25(typ) 
40 
25 (typ) 
40 
ns 


Fall Time 
tf 
30 (typ) 
50 
30 (typ) 
50 
ns 


Thermal Resistance Junction-to-Case 
R6JC 
- 
15 
- 
15 
°C/W 


LIMITS 


RFL1N18 
RFL2N20 


CHARACTERISTIC 
SYMBOLS 
TEST CONDITIONS 
MIN 
MAX 
MIN 
MAX 
UNITS 


Diode Forward Voltage 
VSO' 
ISO=-1A 
- 
1.4 
- 
1.4 
V 


Diode Reverse Recovery Time 
lrr 
IF=2A 
200 (typ) 200 (typ) 200 (typ) 200 (typ) 
ns 
dlF/dt = 50N~s 


{! 
••.•w 
W 
Ll- 
Z.,. 
zCl 
<:E 
:Ca: 
Uw':t 
zCl 
A.. 


'"~ 
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Fig. 2 - Power dissipation 
vs. case temperature derating curva 
for all types. 


Fig. 3 - Typical normalized gate threshold voltage as a function 


of junction 
temperature for all types. 


Fig. 4 - Normalized 
drain-to-source 
on resistance to junction 
temperature 
for all types. 
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Fig. 6 - Normalized switching 
waveforms for constant gate-current. 
Refer to Harris application notes AN-7254 and AN-7260. 


Fig. 8 - Typical drain-to-sourca 
on rasistance as a function 
of 
drain currant for all typas. 


Fig. 10 - Typical forward transconductance 
as a function 
o( 
drain current for all types. 
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mHARRIS 
RFI.2N05 
RFI.2N06 


N-Channel Enhancement-Mode 


Power Field-Effect Transistors 


• 2A, 
50V 
and 
60V 


• RDS(on) 
= 0.950 


• SOA 
is Power-Dissipation 
Limited 


• Nanosecond 
Switching 
Speeds 


• Linear 
Transfer 
Characteristics 


• High 
Input 
Impedance 


• Majority 
Carrier 
Device 
SOUTI 
RCE 


• 
•GATE 


DRAIN 
(CASE) 


Description 


The 
RFL2N05 
and 
RFL2N06 
are 
n-channel 
enhancement 
mode 
silicon-gate 
power 
field-effect 
transistors 
designed 
for 
applications 
such 
as 
switching 
regulators, 
sWitching 
converters, 
motor 
drivers, 
relay 
drivers, 
and 
drivers 
for 
high- 
power 
bipolar 
switching 
transistors 
requiring 
high 
speed 
and 
low 
gate-drive 
power. 
These 
types 
can 
be operated 
directly 
from 
integrated 
circuits. 


The 
RFL-series 
types 
are supplied 
in the JEDEC 
TO-205AF 
metal 
package. 


Terminal Diagram 


N-CHANNEL 
ENHANCEMENT MODE 
D 


Absolute 
Maximum 
Ratings 
(Tc = +250Cl, 
Unless 
Otherwise 
Specified 


RFL2NOS 


Drain-Source 
Voltage 
VOSS 
Drain-Gate 
Voltage (RGS = 1MOl 
VDGR 
Gate-SourceVo~age 
VGS 
Drain Current, RMS Continuous 
10 
Pulsed 
10M 
Power Dissipation 
Total @TC=250C 
PD 
Derating Above TC = 250C 
. 


Operating 
and Storage Junction Temperature 
Range 
TJ, TSTG 


50 
50 
±20 
2 
10 
8.33 
0.0667 
-55 to +150 


RFL2N06 
UNITS 


60 
V 
60 
V 


±20 
V 


2 
A 


10 
A 
8.33 
W 
0.0667 
W/oC 


-55to+150 
°C 


LIMITS 


RFL2NOS 
RFL2N06 


CHARACTERISTIC 
SYMBOLS 
TEST CONDITIONS 
MIN 
MAX 
MIN 
MAX 
UNITS 


Drain-Source 
Breakdown Voltage 
BVOSS 
ID = 1mA, VGS =0 
50 
- 
60 
- 
V 


Gate-Threshold Voltage 
VGS(th) 
VGS=VDS,ID 
= 1mA 
2 
4 
2 
4 
V 


Zero-Gate Voltage Drain Current 
lOSS 
VOS=40V 
- 
1 
- 
- 
flA 


VOS=50V 
- 
- 
- 
1 
flA 


TC=+1250C 
VOS=40V 
- 
50 
- 
- 
flA 


VOS=50V 
- 
- 
- 
50 
flA 


Gate-Source Leakage Current 
IGSS 
VGS = ±20V, VOS = 0 
- 
100 
- 
100 
nA 


Orain-Source On-Voltage 
VOS(on)* 
10 = 1A,VGS = 10V 
- 
0.95 
- 
0.95 
V 


10= 2A, VGS = 10V 
- 
2.0 
- 
2.0 
V 


10= 4A, VGS = 15V 
- 
4.8 
- 
4.8 
V 


Static Orain-Source On Resistance 
rOS(on)" 
10= 1A,VGS = 10V 
- 
0.95 
- 
0.95 
n 


Forward Transconductance 
9fs* 
10= 1A,VOS = 10V 
400 
- 
400 
- 
S(U) 


Input Capacitance 
C,SS 
VGS = OV,VOS = 25V 
- 
200 
- 
200 
pF 
f=1MHz 
Output Capacitance 
COSS 
- 
85 
- 
85 
pF 


Reverse-Transfer Capacitance 
CRSS 
- 
30 
- 
30 
pF 


Turn-On OelayTime 
'd(on) 
10 = 1A, VOO = 30V 
6 (typ) 
15 
6 (typ) 
15 
ns 


Rise Time 
lr 
RGEN = RGS = 50n 
14 (typ) 
30 
14 (typ) 
30 
ns 
VGS=10V 
Turn-Off OelayTime 
'd(off) 
16 (typ) 
30 
16 (typ) 
30 
ns 


Fall Time 
tf 
30 (typ) 
50 
30 (typ) 
50 
ns 


Thermal Resistance Junction-to-Case 
ReJC 
- 
15 
- 
15 
°CIW 


LIMITS 


RFL2NOS 
RFL2N06 


CHARACTERISTIC 
SYMBOLS 
TEST CONDITIONS 
MIN 
MAX 
MIN 
MAX 
UNITS 


Oiode Forward Voltage 
VSO* 
ISO=1A 
- 
1.4 
- 
1.4 
V 


Oiode Reverse Recovery Time 
trr 
IF=2A 
100 (typ) 100 (typ) 100 (typ) 100(typ) 
ns 
dlF/dt = 50NflS 


{:! 
•..• 
w 
w 
u.. 
zCf.) 
zO 
ce:E 
:J:a: 
<.:Iw 
'~ 
zo 


D. 


'"w 
1.0 
i~ 
~ 0.8 
zo 
:: 0.6 
~ 
<n 
~ 0.4 
o 
'"w 
~ 0.2 
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PULSE 
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CYCLE 
S 2'" 


o 
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(VGS)-V 


92CS-31101 


Fig. 6 - Normalized 
switching 
waveforms for constant gate-current 
Refer to Harris application 
notes AN-7254 
and AN-7260. 
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for all types. 
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mHARRIS 


• 2A, 80Vand 
100V 


• rDs(on) = 1.050 


• SOA is Power-Dissipation 
Limited 


• Nanosecond 
SWitching Speeds 


• Linear Transfer Characteristics 


• High Input Impedance 


• Majority Carrier Device 


Description 


The RFP2N08 and RFP2N10 are n-channel enhancement- 
mode silicon-gate power field-effect transistors designed for 
applications 
such 
as 
switching 
regulators, 
switching 
converters, motor drivers, relay drivers, and drivers for high- 
power bipolar switching transistors requiring high speed and 
low gate-drive power. These types can be operated directly 
from integrated circuits. 


The RFP-types are supplied in the JEDEC TO-220AB plastic 
package. 


RFP2N08 
RFP2N10 
N-Channel Enhancement-Mode 


Power Field-Effect Transistors 


TO-220AB 


TOP VIEW 


DRAIN~ 
(FLA~GE) 0 
••••• 
.:::~: 
~~~I~CE 
l...+ 
-=.:::~-GATE 


Terminal Diagram 


N-CHANNEL 
ENHANCEMENT 
MODE 


Absolute 
Maximum 
Ratings 
(TC = +250C), Unless Otherwise Specified 


RFP2N08 


Drain-Source 
Voltage 
..••.•..••....•.......••........•..• 
VOSS 
Drain-Gate 
Voltage (RGS = 1MOl 
••..•...•..••••......•••• 
VDGR 
RMS Continuous 
Drain Current 
TC = +250C 
10 
Pulsed Drain Current. 
................................•..... 
IDM 
Gate-to-Source 
Voltage ....•.•.•.....••..•...••••••••••..• 
VGS 
Maximum Power Dissipation 
TC = +250C 
.......••...••••••.••••••••...••••••••••..••. 
Po 
TC> 
+250C 
•.••..••..••...................••...••••.....•• 


Operating 
and Storage Junction 
.•..•.•••••......••.•••• 
TJ, TSTG 
Temperature 
Range 


RFP2N10 


100 
100 


UNITS 


V 
V 


25 
0.2 
-55 to +150 


25 
0.2 
-55 to +150 


W 
W/OC 
°C 


LIMITS 


RFP2N08 
RFP2N10 


CHARACTERISTIC 
SYMBOLS 
TEST CONDITIONS 
MIN 
MAX 
MIN 
MAX 
UNITS 


Drain-Source Breakdown Voltage 
BVOSS 
10 = 1mA, VGS =0 
80 
- 
100 
- 
V 


Gate Threshold Voltage 
VGS(th) 
VGS = VOS, 10 = 2501lA 
2 
4 
2 
4 
V 


Zero-Gate Voltage Orain Current 
lOSS 
VOS=65V 
- 
1 
- 
- 
IlA 


VOS =80V 
- 
- 
- 
1 
~A 


TC = +1250C 
VOS=65V 
- 
50 
- 
- 
IlA 


VOS=80V 
- 
- 
- 
50 
IlA 


Gate-Source leakage Current 
IGSS 
VGS = ±20V, VOS = 0 
- 
100 
- 
100 
nA 


Orain-Source On-Voltage 
VOS(on)" 
10 = 1A,VGS = 10V 
- 
1.05 
- 
1.05 
V 


10 = 2A, VGS = 10V 
- 
3.0 
- 
3.0 
V 


Static Orain-Source On Resistance 
rOS(on)" 
10 = 1A,VGS = 10V 
- 
1.05 
- 
1.05 
0 


Forward Transconductance 
91s· 
10= 1A,VOS = 10V 
400 
- 
400 
- 
Sm) 


Input Capacitance 
CISS 
VGS = OV,VOS = 25V 
- 
200 
- 
200 
pF 
1= 1MHz 
Output Capacitance 
COSS 
- 
80 
- 
80 
pF 


Reverse Transfer Capacitance 
CRSS 
- 
25 
- 
25 
pF 


Turn-On OelayTime 
Id(on) 
10 = 1A, VOO = 50V 
17 (typ) 
25 
17 (typ) 
25 
ns 


Rise Time 
Ir 
RGEN = RGS = 500 
30 (typ) 
45 
30 (typ) 
45 
ns 
VGS=10V 
Turn-Off OelayTime 
Id(off) 
30 (typ) 
45 
30 (typ) 
45 
ns 


Fall Time 
tf 
17 (typ) 
25 
17 (typ) 
25 
ns 


Thermal Resistance Junction-to-Case 
RSJC 
- 
5 
- 
5 
°CIW 


LIMITS 


RFP2N08 
RFP2N10 


CHARACTERISTIC 
SYMBOLS 
TEST CONOITIONS 
MIN 
MAX 
MIN 
MAX 
UNITS 


Oiode Forward Voltage 
VSO· 
ISO = -1A 
- 
1.4 
- 
1.4 
V 


Oiode Reverse Recovery Time 
trr 
IF=2A 
100 (typ) 100 (typ) 100 (typ) 100(typ) 
ns 
dlF/dt = 50N~s 


{!!. 
...... 
....... 
zen 
zO 
ce:l: 
:Z:a: 
u ••• 
'3 
z~ 


~ 
z 
w 
'"'"=>wo.lo 
z 
~ 


'" 
UJ 
1.0 


-'..~ 
~ 0.8 
z 
'"~ 
0.6 


"' 
~ 0.4 
'" 
ffi 
~ 0.2 


50 
100 
150 
200 


JUNCTION 
TEMPERATURE 
(TJl 
_·C 


92CS~34347 


Fig. 3 . Typical normalized gate threshold voltage as a function 


of junction 
temperature 
for all types. 


Fig. 6 - Normalized switching waveforms for constant gate-current. 
Refer to Harris application notes AN-7254 and AN-7260. 
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Fig. 8 - Typical drain-to-source 
on resistance as a function of 
drain current for a/l types. 


Fig. 10 - Typical 
forward 
transconductance 
as a function 
of 
drain current for a/l types. 
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mHARRIS 


Features 


• 2A, 120V and 150V 


• rDS(on) = 1.750 


• SOA is Power-Dissipation 
Limited 


• Nanosecond Switching Speeds 


• Linear Transfer Characteristics 


• High Input Impedance 


• Majority Carrier Device 


Description 


The RFP2N12 and RFP2N15 are n-channel enhancement- 
mode silicon-gate power field-effect transistors designed for 
applications 
such 
as 
switching 
regulators, 
switching 
converters, motor drivers, relay drivers. and drivers for 
high-power bipolar switching transistors requiring high speed 
and low gate-drive 
power. These types can be operated 
directly from integrated circuits. 


The RFP series types are supplied in the JEDEC TO-220AB 
plastic package. 


RFP2N12 
RFP2N15 


N-Channel Enhancement-Mode 


Power Field-Effect Transistors 


TO-220AB 
TOP VIEW 


DRAIN~ 
(FLA~GE) 0 
~=~: 
~~I~CE 
l-..+ 
_ 
•••••:.::::::::.:>- GATE 


Terminal Diagram 


N-CHANNEL 
ENHANCEMENT 
MODE 


Absolute 
Maximum 
Ratings 
(TC = +250C), Unless Otherwise Specified 


RFP2N12 


Drain-Source 
Voltage •••.....•.•.....••..••••.......•..... 
VOSS 


Drain-Gate 
Voltage (RGS = 1MOl 
••...•..•.•.•............. 
VDGR 


Continuous 
Drain Current. 
................................••• 
10 
Pulsed Drain Current. 
...••......•..••...•..•............... 
IDM 
Gate-Source 
Voltage 
...................•..•••...........• 
VGS 
Maximum Power Dissipation 
TC = +250C 
••...•.••...•••••....••••.•.....••........... 
Po 
Derate Above TC = +250C 
..••....................•......•.. 
Operating and Storage Temperature 
......•••••......... 
TJ. TSTG 


25 
0.2 
-55 to +150 


RFP2N15 


150 


150 
2 
5 
±20 


UNITS 


V 


V 
A 
A 
V 


25 
0.2 
-55to+150 


W 
WfOC 
°C 


LIMITS 


RFP2N12 
RFP2N15 


CHARACTERISTIC 
SYMBOLS 
TEST CONDITIONS 
MIN 
MAX 
MIN 
MAX 
UNITS 


Drain-Source Breakdown Voltage 
BVOSS 
10 = 1mA, VGS=O 
120 
- 
150 
- 
V 


Gate-Threshold Voltage 
VGS(th) 
VGS = VOS' 10 = 2mA 
2 
4 
2 
4 
V 


Zero-Gate Voltage Drain Current 
lOSS 
VOS = 100V 
- 
1 
- 
- 
!1A 


VOS=120V 
- 
- 
- 
1 
!1A 


TC = +1250C 
VOS=100V 
- 
50 
- 
- 
!1A 


VOS=120V 
- 
- 
- 
50 
!1A 


Gate-Source Leakage Current 
IGSS 
VGS = ±20V, VOS = 0 
- 
100 
- 
100 
nA 


Drain-Source On-Voltage 
VOS(on)" 
10 = lA, VGS= 10V 
- 
1.75 
- 
1.75 
V 


10 = 2A, VGS = 10V 
- 
6.0 
- 
6.0 
V 


Static Drain-Source On Resistance 
rOS(on)" 
10 = lA, VGS = 10V 
- 
1.75 
- 
1.75 
0 


Forward Transconductance 
gfs" 
10 = lA, VOS = 10V 
400 
- 
400 
- 
Sm) 


Input Capacitance 
CISS 
VGS = OV,VOS = 25V 
- 
200 
- 
200 
pF 
f=lMHz 
Output Capacitance 
COSS 
- 
80 
- 
80 
pF 


Reverse-Transfer Capacitance 
CRSS 
- 
25 
- 
25 
pF 


Turn-On Delay Time 
'<lIon) 
10 = lA, VOO = 75V 
17 (lyp) 
25 
17 (lyp) 
25 
ns 


RiseTime 
lr 
RGEN = RGS = 500 
30 (lyp) 
45 
30 (lyp) 
45 
ns 
VGS=10V 
Turn-Off OelayTime 
'<l(off) 
30 (lyp) 
45 
30 (lyp) 
45 
ns 


Fall Time 
tf 
17 (lyp) 
25 
17 (lyp) 
25 
ns 


Thermal Resistance Junction-to-Case 
ReJC 
- 
5 
- 
5 
°C/W 


LIMITS 


RFP2N12 
RFP2N15 


CHARACTERISTIC 
SYMBOLS 
TEST CONDITIONS 
MIN 
MAX 
MIN 
MAX 
UNITS 


Diode Forward Voltage 
VSO" 
ISO=-lA 
- 
1.4 
- 
1.4 
V 


Diode Reverse Recovery Time 
lrr 
IF=2A 
150 (lyp) 150 (typ) 150 (lyp) 150 (typ) 
ns 
dlF/dt = 50NIlS 


~ 
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<::IE 
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'3:: 
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Fig. 3 - 
Typical normalized 
gate threshold voltage as a function 


of junction 
temperature 
for all types. 
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Fig. 4 - Normalized drain-to-source 
on resistance to junction 
tem- 
perature for all types. 


Fig. 6 - Normalized switching waveforms for constant gate-current 
Refer to Harris application notes AN-7254 and AN-7260. 


Fig. 8 - Typical drain-to-source 
on resistance as a function 
of 
drain current for all types. 


Fig. 10- Typical forward transconductance 
as a function of 
drain current for all types. 
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mHARRIS 


Features 


• 2A, 180V and 200V 


• rDs(on) 
= 3.50 


• SOA is Power-Dissipation 
Limited 


• Nanosecond 
Switching 
Speeds 


• Linear Transfer 
Characteristics 


• High Input 
Impedance 


• Majority 
Carrier 
Device 


The 
RFP2N18 
and 
RFP2N20 
are 
n-channel 
enhancement-mode 
silicon-gate 
power field-effect 
transistors 
designed 
for 
applications 
such 
as 
sWitching 
regulators, 


switching 
converters, motor drivers, relay drivers, and drivers 
for high-power 
bipolar 
switching 
transistors 
requiring 
high 
speed and low gate-drive 
power. These types can be operated 
directly from integrated circuits. 


The RFP series types are supplied 
in the JEDEC TO-220AB 
plastic package. 


RFP2N18 
RFP2N20 
N-Channel Enhancement-Mode 


Power Field-Effect Transistors 


TO-220AB 
TOP VIEW 


Terminal Diagram 


N-CHANNEL 
ENHANCEMENT MODE 


Absolute 
Maximum 
Ratings 
(TC = +250C), Unless Otherwise Specified 


RFP2N18 


Orain-SourceVoltage 
VOSS 
Orain-GateVoltage(RGS= 1MO) 
VOGR 
ContinuousOrainCurrent. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 
10 
PulsedOrainCurrent. 
IOM 
Gate-SourceVoltage 
VGS 
MaximumPowerOissipation 
TC = +250C 
Po 
OerateAboveTC = +250C 
. 
OperatingandStorageTemperature 
TJ,TSTG 


25 
0.2 
-55 to +150 


RFP2N20 


200 


200 
2 
5 
±20 


UNITS 


V 


V 
A 
A 
V 


25 
0.2 
-55 to +150 


W 
WjOC 
oC 


LIMITS 


RFP2N18 
RFP2N20 


CHARACTERISTIC 
SYMBOLS 
TEST CONDITIONS 
MIN 
MAX 
MIN 
MAX 
UNITS 


Drain-Source 
Breakdown Voltage 
BVOSS 
10 = 1mA, VGS = 0 
180 
- 
200 
- 
V 


Gate- Threshold Voltage 
VGS(th) 
VGS = VOS' 10 = 2mA 
2 
4 
2 
4 
V 


Zero-Gate Voltage Drain Current 
lOSS 
VOS=145V 
- 
1 
- 
- 
"" 
VOS= 160V 
- 
- 
- 
1 
"" 


I 
TC=+1250C 
VOS= 145V 
- 
50 
- 
- 
"" 
VOS= 160V 
- 
- 
- 
50 
"" 
Gate-Source Leakage Current 
IGSS 
VGS = ±20V, VOS = 0 
- 
100 
- 
100 
nA 


Drain-Source 
On-Voltage 
VOS(on)* 
10 = 1A, VGS = 10V 
- 
3.5 
- 
3.5 
V 


10 = 2A, VGS = 10V 
- 
8.0 
- 
8.0 
V 


Static Drain-Source 
On Resistance 
roS(on)* 
10 = 1A, VGS = 10V 
- 
3.5 
- 
3.5 
0 


Forward Transconductance 
9fs* 
10 = 1A, VOS = 10V 
400 
- 
400 
- 
S(Ul 


Input Capacitance 
CISS 
VGS = OV,VOS = 25V 
- 
200 
- 
200 
pF 
f=1MHz 
Output Capacitance 
COSS 
- 
60 
- 
60 
pF 


Reverse- Transfer Capacitance 
CRSS 
- 
25 
- 
25 
pF 


Turn-On Delay Time 
!d(on) 
10 = 1A, VOO = 100V 
15 (lyp) 
25 
15 (lyp) 
25 
ns 


Rise Time 
t,. 
RGEN = RGS = 500 
20(lyp) 
30 
20 (lyp) 
30 
ns 
VGS=10V 
Turn-Off OelayTime 
!d(off) 
25 (lyp) 
40 
25(lyp) 
40 
ns 


Fall Time 
tf 
15 (lyp) 
25 
15(lyp) 
25 
n8 


Thermal Resistance Junction-to-Case 
R9JC 
- 
5 
- 
5 
°C/W 


LIMITS 


RFP2N18 
RFP2N20 


CHARACTERISTIC 
SYMBOLS 
TEST CONDITIONS 
MIN 
MAX 
MIN 
MAX 
UNITS 


Diode Forward Voltage 
VSO* 
ISO=-1A 
- 
1.4 
- 
1.4 
V 


Diode Reverse Recovery Time 
lrr 
IF=2A 
OO(lyp) 200 (lyp) 
00 (lyp) 200 (typ) 
n8 
dlF/dt = 50N"s 
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Z0 
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c:IE 
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1:- 
ze 
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Fig. 3 - Typical normalized gate threshold voltage as a function 


of junction 
temperature 
for al/ types. 
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Fig. 4 - Normalized 
drain-to-source 
on resistance to junction 
temperature 
for all types. 


Fig. 6 - Normalized switching waveforms for constanf gate-current. 


Refer to Harris application notes AN-7254 and AN-7260. 


Fig. 8 - Typical drain-to-source 
on resistance es a function 
of 
drain current for all types. 


Fig. 10 - Typical forward transconductance 
as a function 
of 
drain current for all types. 
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RFM3N45/3N50 
RFP3N45/3N50 
N-Channel Enhancement Mode 
Power Field Effect Transistors 
(I HARRIS 


• 3A, 
450V 
and 
500V 


• rDS(on) 
= 3n 


• SOA 
is Power-Dissipation 
Limited 


• Nanosecond 
Switching 
Speeds 


• Linear 
Transfer 
Characteristics 


• High 
Input 
Impedance 


• Majority 
Carrier 
Device 


DRAIN 
SOU~LANGE)o 
GATE 


Description 


The 
RFM3N45 
and 
RFM3N50 
and 
the 
RFP3N45 
and 
RFP3N50 
are n-channel 
enhancement-mode 
silicon-gate 
power 
field-effect 
transistors 
designed 
for 
applications 
such 
as sWitching 
regulators, 
switching 
converters, 
motor 
drivers, 
relay 
drivers, 
and 
drivers 
for 
high-power 
bipolar 
switching 
transistors 
requiring 
high 
speed 
and 
low 
gate-drive 
power. 
These 
types 
can 
be 
operated 
directly 
from 
integrated 
circuits. 


The 
RFM-series 
types 
are 
supplied 
in the 
JEDEC 
TO- 
204AA 
steel 
package 
and 
the 
RFP-series 
types 
in the 
JEDEC 
TO-220AB 
plastic 
package. 


Terminal Diagram 


N-CHANNEL 
ENHANCEMENT 
MODE 


Absolute 
Maximum 
Ratings 
(TC = 250C), 
Unless 
Otherwise 
Specified 


RFM3N45 
RFM3N50 
RFP3N45 
RFP3N50 
UNITS 


Drain-Source Voltage ....................... 
VOSS 
450 
500 
450 
500 
V 
Drain-Gate Voltage (RGS = 1mO) ............ 
VDGR 
450 
500 
450 
500 
V 
Continuous Drain Current 
RMS Continuous 
............................ 
10 
3 
3 
3 
3 
A 
Pulsed Drain Current. ....................... 
IOM 
5 
5 
5 
5 
A 
Gate-Source Voltage 
........................ 
VGS 
±20 
±20 
±20 
±20 
V 
Maximum Power Dissipation 
TC = +250C 
................................ 
PD 
75 
75 
60 
60 
W 
Above TC = +250C, Derate Linearly 
........... 
Po 
0.6 
0.6 
0.48 
0.48 
W/oC 
Operating and Storage Junction ........... 
TJ, TSTG 
-55to+150 
-55to+150 
-55to+150 
-55 to +150 
°c 
Temperature Range 


LIMITS 


TEST 
RFM3N45 
RFM3N50 
UNITS 
CHARACTERISTIC 
SYMBOL 
CONDITIONS 
RFP3N45 
RFP3N50 


Min. 
Max. 
Min. 
Max. 


Drain-Source 
Breakdown 
Voltage 
BVoss 
10 = 1 mA 
450 
- 
500 
- 
V 


VGs=O 


Gate- Threshold 
Voltage 
VGs(th) 
VGS-VOS 
2 
4 
2 
4 
V 


10=1 mA 


Zero-Gate 
Voltage 
Drain 
Current 
loss 
Vos=360 
V 
- 
10 
- 
- 


Vos=400 
V 
- 
- 
- 
10 


Tc=125°C 
pA 


Vos=360 
V 
- 
50 
- 
- 


Vos=400 
V 
- 
- 
- 
50 


Gate-Source 
Leakage 
Current 
IGSS 
VGs-±20 
V 
- 
100 
- 
100 
nA 


Vos=O 


Drain-Source 
On Voltage 
Vos(on)a 
10-1.5 
A 
- 
4.5 
- 
4.5 


VGs=10 V 
V 


10=3 A 
- 
10.5 
- 
10.5 


VGs=10 V 


Static 
Drain-Source 
On Resistance 
ros(on)a 
10=1.5 A 
- 
3 
- 
3 
0 


VGs=10 V 


Forward 
Transconductance 
gf.8 
Vos-l0V 
1 
- 
1 
- 
mho 


10=1.5 A 


Input 
Capacitance 
C1SS 
Vos-25 
V 
- 
750 
- 
750 


Output 
Capacitance 
Coss 
VGs=O V 
- 
150 
- 
150 
pF 


Reverse- 
Transfer 
Capacitance 
Crss 
f = lMHz 
- 
100 
- 
100 
Turn-On 
Delay 
Time 
td(on) 
Voo=250 
V 
30(Typ) 
45 
30(Typ) 
45 


Rise Time 
t, 
10=1.5 A 
40(Typ) 
60 
40(Typ) 
60 


Turn-Off 
Delay 
Time 
lo( off) 
Rgen=Rg.=50 
0 
90(Typ) 
135 
90(Typ) 
135 
ns 


Fall Time 
tf 
VGs=10 V 
50(Typ) 
75 
50(Typ) 
75 


Thermal 
Resistance 
Junction-to-Case 
R8Jc 
RFM3N45, 
1.67 
- 
- 
1.67 
RFM3N50 
°C/W 


RFP3N45, 
- 
2.083 
- 
2.083 


RFP3N50 


LIMITS 


CHARACTERISTIC 
SYMBOL 
TEST 
RFM3N45 
RFM3N50 
UNITS I 
CONDITIONS 
RFP3N45 
RFP3N50 


MIN. 
I 
MAX. 
MIN. 
T 
MAX. 


Diode 
Forward 
Voltage 
Vso 
Iso-l.5A 
- 
T 
1.4 
- 
T 
1.4 
V 


Reverse 
Recovery 
Time 
tn 
IF-4 
A 
800(typ) 
800(typ) 
dlF/d,=100 
Alps 
ns 


{!!. 
...• w 
w u. 
zU> 
zO 
c::E 
::co: 
Uw 
'3: 
zo 


"- 
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ORAIN-TO-SOURCE 
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92CS- 
36062 R1 


Fig. 2 - Power dissipation 
vs. temperature derating curve 
for all types. 


Fig. 3 - Typical normalized gate threshold voltage as a function 


of junction 
temperature 
for all types. 
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Fig. 4 - Normalized drain-to-source 
on resistance to junction 
tem- 


perature for all types. 
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Fig. 6 - Normalized switching waveforms for constant gate-current. 


Refer to Harris application notes AN-7254 and AN-7260 


Fig. 8 - Typical drain-to-source 
on resistance as a function 
of 
drain current for all types. 


Fig. 10 - Typical 
forward 
transconductance 
as a function 
of 
drain current for all types. 
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mlHARRIS 


• SOA,SOVand 60V 


• rDS(on) = o.sn 


• SOA is Power-Dissipation 
Limited 


• Nanosecond Switching Speeds 


• Linear Transfer Characteristics 


• High Input Impedance 


• Majority Carrier Device 


Description 


The 
RFP4N05 
and 
RFP4N06 
are 
n-channel 
enhancement-mode silicon-gate power field-effect transistors 
designed 
for 
applications 
such 
as switching 
regulators, 
switching converters, motor drivers, relay drivers, and drivers 
for high-power 
bipolar switching transistors requiring high 
speed and low gate-drive power. Thesetypes can be operated 
directly from integrated circuits. 


The RFP-series types are supplied in the JEDEC TO-220AB 
plastic package. 


RFP4N05 
RFP4N06 
N-Channel Enhancement-Mode 


Power Field-Effect Transistors 


TO-220AB 


TOP VIEW 


DRAIN §][) 
(FLANGE) 0 
:~~I~CE 
L- 
_~~~;GME 


Terminal Diagram 


N-CHANNEL 
ENHANCEMENT 
MODE 


Absolute 
Maximum 
Ratings 
(TC "" +250C), Unless Otherwise Specified 


RFP4NOS 


Drain-Source 
Voltage ..••.....••...•..•..•.....••....••... 
VOSS 


Drain-Gate 
Voltage (RGS = 1MO) ......•..•......•••••••••. 
VOGR 


Continuous 
Drain Current •.....••.•...••.••..•.....•..•..•... 
10 
Pulsed Drain Current. 
.................•....••.....•..•..•.. 
IOM 
Gate-SourceVoltage 
....••..•.•.•......•.••.........•..•. 
VGS 
Maximum Power Dissipation 
TC = +250C 
•................................•........... 
Po 
Linear Derating Factor •...•..•......•..•...•.....••.......••..• 
Operating 
and Storage Temperature 
••••••.....•••••.••. 
TJ' TSTG 


RFP4N06 


60 


60 
4 
10 
±20 


25 
0.2 
-55 to +150 


25 
0.2 
-55to+150 


UNITS 


V 


V 
A 
A 
V 


W 
W;oC 
°C 


LIMITS 


RFP4N05 
RFP4N06 


CHARACTERISTIC 
SYMBOLS 
TEST CONDITIONS 
MIN 
MAX 
MIN 
MAX 
UNITS 


Drain-Source 
Breakdown Voltage 
BVOSS 
10 = 1mA, VGS = 0 
50 
- 
60 
- 
V 


Gate-Threshold Voltage 
VGS(th) 
VGS=VOS,IO 
= lmA 
2 
4 
2 
4 
V 


Zero-Gate Voltage Drain Current 
lOSS 
VOS=40V 
- 
1 
- 
- 
"" 
VOS=50V 
- 
- 
- 
1 
"" 
TC=+1250C 
VOS=40V 
- 
50 
- 
- 
"" 
VOS=50V 
- 
- 
- 
50 
"" 
Gate-Source Leakage Current 
'GSS 
VGS = ±20V, VOS = 0 
- 
100 
- 
100 
nA 


Drain-Source On-Voltage 
VOS(on)" 
10 = lA, VGS = 10V 
- 
0.8 
- 
0.8 
V 


10 = 2A, VGS = 10V 
- 
2.0 
- 
2.0 
V 


10 = 4A, VGS = 10V 
- 
4.8 
- 
4.8 
V 


Static Drain-Source 
On Resistance 
rOS(on)* 
10 = lA, VGS = 10V 
- 
0.8 
- 
0.8 
0 


Forward Transconductance 
9fs" 
10 = lA, VOS = 10V 
400 
- 
400 
- 
Sm) 


Input Capacitance 
CISS 
VGS = OV,VOS = 25V 
- 
200 
- 
200 
pF 


Output Capacitance 
f=lMHz 
COSS 
- 
85 
- 
85 
pF 


Revers&-Transfer Capacitance 
CRSS 
- 
30 
- 
30 
pF 


Turn-On Delay Time 
'd(on) 
10 = lA, VOO = 30V 
6 (lyp) 
15 
6 (lyp) 
15 
ns 


RiseTime 
Ir 
RGEN = RGS = 500 
14 (lyp) 
30 
14 (lyp) 
30 
ns 
VGS=10V 
Turn-Off OelayTime 
'd(oft) 
16 (lyp) 
30 
16 (Iyp) 
30 
ns 


Fall Time 
tf 
14 (lyp) 
25 
14 (lyp) 
25 
ns 


Thermal Resistance Junction-to-Case 
RaJC 
r 
- 
5 
- 
5 
°C/W 


LIMITS 


RFP4N05 
RFP4N06 


CHARACTERISTIC 
SYMBOLS 
TEST CONDITIONS 
MIN 
MAX 
MIN 
MAX 
UNITS 


Diode Forward Voltage 
VSO" 
ISO=lA 
- 
1.4 
- 
1.4 
V 


Diode Reverse Recovery Time 
Irr 
IF=2A 
100 (lyp) 100 (typ) 100 (lyp) 100 (typ) 
ns 
dlF/dt = 50N~s 
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Fig. 3 - 
Typical normalized gate threshold voltage as a lunction 
01junction 
temperature for all types. 
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Fig. 6 - Normalized switching waveforms for constant gate-current. 
Refer to Harris application notes AN-7254 and AN-7260 
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Fig. 8 - 
Typical drain-to-source 
on resistance as a function of 
drain current for all types. 
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Fig. 10 - 
Typical forward transconductance as a function of drain 
current for all types. 
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mHARRIS 


Features 


• 4A, 120V and 150V 


• rDS(on) = 0.40 


• SOA is Power-Dissipation 
Limited 


• Nanosecond Switching Speeds 


• Linear Transfer Characteristics 


• High Input Impedance 


• Majority Carrier Device 


Description 


The RFL4N12 and RFL4N15 are n-channel enhancement- 
mode silicon-gate power field-effect transistors designed for 
applications 
such 
as 
sWitching 
regulators, 
switching 
converters, motor drivers, relay drivers, and 
drivers for 
high-power bipolar switching transistors requiring high speed 
and low gate-drive power.Thesetypes can be operateddirect- 
ly from integrated circuits. 


The RFL-series types are supplied in the JEDEC TO-205AF 
metal package. 


RFI.4N12 
RFI.4N15 
N-Channel Enhancement-Mode 
Power Field-Effect Transistors 


SOUnRCE. :ATE 


DRAIN 
(CASE) 


Terminal Diagram 


N-CHANNEL 
ENHANCEMENT MODE 


Absolute 
Maximum 
Ratings 
(Tc = +250C), Unless Otherwise Specified 


RFL4N12 


Drain-Source Voltage ....••.....................•........• 
VOSS 


Drain-Gate Voltage (RGS = 1MOl 
VDGR 


Continuous Drain Current 
TC = +250C 
..................•••......•................. 
10 
Pulsed Drain Current. .........................•..•......• 
IDM 
Gate-SourceVoltage 
•....•............................... 
VGS 
Maximum Power Dissipation 
TC = +250C ..........................................••. 
Po 
Unear Derating Factor. ...••..••.........•..................... 
Operating and Storage Temperature 
...........•••...... 
TJ, TSTG 


RFL4N15 


150 


150 


UNITS 


V 


V 


8.33 
0.0667 
-55to+150 


8.33 
0.0667 
-55to+150 


w 
W{OC 
oC 


Specifications 
RFL4N12, RFL4N15 


ELECTRICAL 
CHARACTERISTICS, 
At Case Temperature 
(Tc)=25°C unless otherwise specified 


LIMITS 


CHARACTERISTIC 
SYMBOL 
TEST 
RFL4N12 
RFL4N15 
UNITS 


CONDITIONS 
Max. 
Min. 
Max. 
Min. 
Drain-Source 
Breakdown 
Voltage 
BVoss 
10=1mA 
120 
- 
150 
- 
V 


Vas=O 
Gate-Threshold 
Voltage 
Vas(th) 
Vas=Vos 
2 
4 
2 
4 
V 


10=1mA 
Zero-Gate 
Voltage Drain Current 
loss 
Vos=100 V 
- 
1 
- 
- 


Vos=120 V 
- 
- 
- 
1 
Tc=125°C 
pA 


Vos=100 V 
- 
50 
- 
- 
Vos=120 V 
- 
- 
- 
50 
Gate-Source 
Leakage Current 
lass 
Vas=±20 V 
- 
100 
- 
100 
nA 


Vos=O 
Drain-Source 
On Voltage 
Vos(on)- 
10=2A 
- 
0.8 
- 
0.8 
Vas=10 V 
V 
10=4A 
- 
3 
- 
3 
Vas=10 V 
Static Drain-Source 
On Resistance 
ros(on)- 
10=2A 
- 
0.40 
- 
0.40 
n 
'" 
Vas=10 V 
I- 
....... 


Forward Transconductance 
g.o- 
Vos=10 V 
1.5 
- 
1.5 
- 
mho 
... "- 
zen 


10=2A 
zQ 
ce::E 


Input Capacitance 
Ci•• 
Vos=25 V 
- 
850 
- 
850 
%:a: 
...... 


Output Capacitance 
Co•• 
Vas=OV 
- 
230 
- 
230 
pF 
';t 
zQ 


Reverse-Transfer 
Capacitance 
C••• 
f = 1MHz 
- 
100 
- 
100 
"- 


Turn-On 
Delav Time 
t.lon) 
Voo = 75 V 
401tvp) 
60 
401tvp: 
60 
Rise Time 
t, 
10=2A 
65 tvo 
250 
651tvo 
250 
Turn-Off 
Delav Time 
t.loff) 
R.en=R.o=50 n 
901tvo) 
135 
901tvo) 
135 
ns 


Fall Time 
t. 
Vas=10 V 
901tvo) 
135 
90ltvo) 
135 
Thermal Resistance Junction-to-Case 
R/JJc 
RFL4N12, 
15 
15 
°C/W 
RFL4N15 
- 
- 


TEST 
LIMITS 
CHARACTERISTIC 
SYMBOL 
CONDITIONS 
RFL4N12 
RFL4N15 
UNITS 


Min. 
I 
Max. 
Min. 
I 
Max. 


Diode Forward Voltage 
Vso- 
Iso = 2A 
- 
I 
1.4 
- 
I 
1.4 
V 


Reverse Recovery Time 
tn 
IF - 4A 
200(typ.) 
200(typ.) 
ns 


dlF/d, = 100A/ps 


4 
6 
810 
6 
8100 
6 
8100 
o 
ORAIN-TO-SOURCE 
VOLTAGE 
(VOS)-V 
92CM·36486Al 


o 
~ 
100 
150 
JUNCTION TEMPERATURE {TJ)-·C 
92CS-34359 


Fig. 3 - Typical normalized 
gata threshold 
voltage as a function 
of junction 
temperature 
for a/l types. 


Fig. 4 - Normalized 
drain-to-source 
a n resistance 
as a func- 
tion of junction 
temperature 
for a/l typas. 


Fig. 6 - Normalized switching waveforms for constant gate-current 
Reter to Harris application notes AN-7254 and AN-7260 


Fig. 8 - Typical drain-to-source 
on resistance as a function 
of drain current for a/l types. 


Fig. 10 - Typical 
forward 
transconductance 
as a function 
of 
drain current for all types. 
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Fig. 9 - Capacitance 
as a function 
of drain-to-source 
voltage 
for a/l types. 
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RFM4N35/4N40 
RFP4N35/4N40 
N-Channel Enhancement Mode 
Power Field Effect Transistors 


Em HARRIS 


• 4A, 350V and 400V 


• rDS(on) = 20 


• SOA is Power-Dissipation 
Limited 


• Nanosecond Switching Speeds 


• Linear Transfer Characteristics 


• High Input Impedance 


• Majority Carrier Device 


DRAIN 
SOU~LANGE)o 
GATE 


Description 


The RFM4N35 and RFM4N40 and the RFP4N35 and 
RFP4N40 are n-channel enhancement-mode silicon-gate 
power field-effect transistors designed for applications 
such as switching regulators, switching converters, motor 
drivers, relay drivers, and drivers for high-power bipolar 
switching 
transistors 
requiring 
high 
speed 
and 
low 
gate-drive power. These types can be operated directly 
from integrated circuits. 


The 
RFM-series 
types 
are 
supplied 
in 
the 
JEDEC 
TO-204M 
steel package and the RFP-series types in the 
JEDEC TO-220AB plastic package. 


Terminal Diagram 


N-CHANNEL 
ENHANCEMENT 
MODE 


RFM4N35 
RFM4N40 
RFP4N35 
RFP4N40 


Drain-Source Voltage .......•.....•••....••• 
VOSS 
350 
400 
350 
400 
Drain-Gate Voltage (RGS = 1mO) ............ 
VDGR 
350 
400 
350 
400 
Continuous Drain Current 
RMS Continuous 
...•••.....•................ 
10 
4 
4 
4 
4 
Pulsed Drain Current. ..••....••....•........ 
10M 
8 
8 
8 
8 
Gate-Source Voltage 
...................•..•• 
VGS 
±20 
±20 
±20 
±20 
Maximum Power Dissipation 
TC = +250C .......•....••...••............. 
Po 
75 
75 
60 
60 
Above TC = +250C, Derate Linearly 
............. 
0.6 
0.6 
0.48 
0.48 
Operating and Storage Junction ..•••••.... 
TJ, TSTG 
-55to+150 
-55to+150 
-55to 
+150 
-55to+150 
Temperature Range 


UNITS 


V 
V 


W 
W/oC 
°C 


LIMITS 


CHARACTERISTICS 
SYMBOL 
TEST 
RFM4N35 
RFM4N40 
UNITS 
CONDITIONS 
RFP4N35 
RFP4N40 


MIN. 
MAX. 
MIN. 
MAX. 


Drain-Source 
Breakdown 
Voltage 
BVoss 
10=1 mA 
350 
- 
400 
- 
V 
VGs=O 


Gate 
Threshold 
Voltage 
VGs(th) 
VGs=Vos 
2 
4 
2 
4 
V 


10=1 mA 


Zero 
Gate 
Voltage 
Drain 
Current 
loss 
Vos=280 
V 
- 
10 
- 
- 
Vos=320 
V 
- 
- 
- 
10 


Tc=125°C 
iJA 


Vos=280 
V 
- 
100 
- 
- 


Vos=320 
V 
- 
- 
- 
100 


Gate-Source 
Leakage 
Current 
IGss 
VGs=±20 
V 
- 
100 
- 
100 
nA 


Vos=O 


Drain-Source 
On Voltage 
Vos(on)a 
10=2 A 
- 
4 
- 
4 
VGs=10 V 
V 


10=4 A 
- 
12 
- 
12 
VGs=10 V 


Static 
Drain-Source 
On Resistance 
ros(on)a 
10=2 A 
- 
2 
- 
2 
() 
VGs=10 V 


Forward 
Transconductance 
gts3 
Vos=10V 
1 
- 
1 
- 
mho 


10=2 A 


Input 
Capacitance 
C1SS 
Vos=25 V 
- 
750 
- 
750 


Output 
Capacitance 
Coss 
VGs=O V 
- 
150 
- 
150 
pF 


Reverse 
Transfer 
Capacitance 
C",s 
f=1 MHz 
- 
100 
- 
100 


Turn-On 
Delay 
Time 
td(on) 
Voo=200 
V 
12(typ) 
45 
12(typ) 
45 


Rise Time 
t, 
10=2 A 
42(typ) 
60 
42(typ) 
60 
ns 


Turn-Off 
Delay 
Time 
td(off) 
Rgen=Rgs=50 () 
130(typ) 
200 
130(typ) 
200 


Fall Time 
tf 
VGs=10 V 
62(typ) 
100 
62(typ) 
100 


Thermal 
Resistance 
ReJC 
RFM4N35. 
- 
1.67 
- 
1.67 
Junction-to-Case 
RFM4N40 


RFP4N35. 
- 
2.083 
- 
2.083 
°C/W 


RFP4N40 


LIMITS 


CHARACTERISTIC 
SYMBOL 
TEST 
RFM4N35 
RFM4N40 
UNITS 
CONDITIONS 
RFP4N35 
RFP4N40 


MIN. 
I 
MAX. 
MIN. 
I 
MAX. 


Diode 
Forward 
Voltage 
Vso. 
Iso=2 A 
- 
I 
1.4 
- 
I 
1.4 
V 


Reverse 
Recovery 
Time 
t" 
IF=4 A 
800(typ) 
800(typ) 
ns 
d,F/d,=100 
AliJS 


~ 
••• w 
w ..•.. 
z(i) 
zO 
<~ 
:Ca: 
Uw 
'3: 
Zo 
Q. 


100 
., 
CASE 
TEMPERATURE 
(TC) 
= 2SoC 


(CURVES 
MUST 
BE DERATED 


LINEARLY 
WITH 
INCREASE 
IN 
4 
TEMPERATURE) 


6 
., 
6 
8 
10 
100 


CRAIN 
TO 
SOURCE 
VOLTAGE 
(VCS) 
- 
V 


Fig. 3 - 
TYPical normalized 
gate 
threshold 
voltage 
as a functIOn 
of lunction 
temperature 
for alt types. 


VDS~20V 


PULSE 
TEST 
PULSE 
DURATlON=80p.S 
DUTY CYCLE ~ 2 % 


Fig. 
4 - 
Normalized 
drain-to-source 
on resistance 
to junction 


temperature 
for alt types. 


Fig. 6 - Normalized switching waveforms for constant gate-current. 
Refer to Harris application notes AN-7254 and AN-7260 


VGS -IOV 
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PULSE DURATION· 60J'S 
jjLE<2% 


TC·2S•C 


Fig. 8 - 
Typical 
drain-to·soUlce 
on resistance 
as a (unctIOn 
01 dram current lor all types 


Fig 
10 - 
Typical 
forward 
transconductance 
as a function 
of drain 
current 
tor all types. 


Fig. 9 - 
Capacllance 
as a functIOn 
of dram-fa-source 
voltage for all types. 
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mlHARRIS 
RFP4N100 


High Voltage N-Channel Enhancement-Mode 


Power Field-Effect Transistors 


• 4.3A, 1000V 


• rOS(on) = 3.50 


• UIS SOA Rating Curve (Single Pulse) 


• -550C to +1500C Operating Temperature 


Description 


The 
RFP4N100 
is 
an 
n-channel 
enhancement mode 
silicon-gate power field effect transistor. It is designed for 
use in applications such as switching regulators, switching 
converters, motor drivers, relay drivers, and drivers for high 
power bipolar SWitching transistors requiring high speed 
and low gate-drive 
power. This type can be operated 
directly from an integrated circuit. 


The RFP4N100 is supplied in the JEDEC TO-220AB 
plastic package. 


Terminal Diagram 


N-CHANNEL 
ENHANCEMENT MODE 


Absolute 
Maximum Ratings (Tc = 250C), Unless Otherwise Specified 


Drain-Source 
Voltage, VDSS' 
•......••••.....•...••.......•..•••••.........•.........••.....•.....•••...•••...••....... 
1OOOV 


Drain-Gate 
Voltage, (RGS = 1mOl, VDGR •.......•.•••........•.•••.•........•••.•...••••...•••.•..•••...•••.....••..... 
1OOOV 


Gate-Source 
Voltage, VGS 
..........................•....................................................•.....•.•••.. 
±20V 


Drain Current 


RMS Continuous,lD 
..•••.....•••....••••.•.....•••••••..•.....•••.•.••.•....••••...••••..••..•••.•••..••••...•..••.. 
4.3A 


Pulsed, IDM ••..••....•••.....••......••••••......••••.••........••.•••.•...•..•••...•••.••...••..•••...•••.•..••••.•• 
17A 


Single Pulse Avalanche Rating, Refer to UIS SOA Curve .......••.......••••••.•.....••••....•....•.••...••...••••••....•• 
490mJ 


Power Dissipation, 
PD: 
TC = +250C 
.........•.•••....••................................................................................... 
150W 


Derate Above TC = +250C 
....•...•....•.••••.........•..•.••............•....•...••..•........•.•.•.•••...•••.. 
O.83WfOC 


Operating 
and Storage Junction 
Temperature 
Range, TJ' TSTG .••.....•............................•...•........•......•........•....•.......... 
-55 to + 1500C 


Electrical 
Characteristics 
(Tc = 250C), Unless Otherwise Specified 


LIMITS 


CHARACTERISTICS 
SYMBOL 
TEST CONDITIONS 
MIN 
MAX. 
UNITS 


Drain-Source 
Breakdown 
Voltage 
BVOSS 
10 = 0.25mA, VGS = OV 
1000 
- 
V 


Gate Threshold Voltage 
VGS(TH) 
VGS = VOS, 10 = 0.25mA 
2.0 
4.0 
V 


Zero Gate Voltage Drain Current 
lOSS 
VGS=OV 
- 
fJA 


VOS= 
1OO0V 
TC=250C 
- 
250 
fJA 


VOS=800V 
TC= 
1500C 
- 
1000 
fJA 


Gate-Source 
Leakage Current 
IGSS 
VGS=±20V 
- 
±500 
nA 


On Resistance 
rOstONI 
10 = 2.5A, VGS = 10V 
- 
3.5 
0 


Forward Transconductance 
9fs 
10 = 2.5A, VOS = 100V 
3.5 
- 
Sm> 


Turn-On 
Delay Time 
!dCON) 
VOO = 500V,I = 3.9A 
- 
30 
ns 


Rise Time 
lr 
RG =9.10 
- 
50 
ns 


Turn-Off 
Delay Time 
!dCOFFl 
RO=1200 
- 
170 
ns 


Fall Time 
tf 
See Figure 14 
- 
50 
ns 


Total Gate Charge 
Og 
10 = 3.9A, VOS = 800V. VGS = 10V 
- 
120 
nC 


Thermal Resistance Junction to Case 
RaJC 
- 
0.83 
OC/W 


Thermal Resistance, Junction to Ambient 
RaJA 
- 
80 
°c/W 


Source-Drain 
Diode Ratings 
and Characteristics 


LIMITS 


CHARACTERISTICS 
SYMBOL 
TEST CON DITIONS 
MIN 
MAX. 
UNITS 


Forward Voltage 
VSD 
ISO=4.3A 
- 
1.8 
V 


Reverse Recovery Time 
lrr 
IF = 3.9A, diF/dT = 100 NJis 
- 
1000 
ns 


5Pul •• 
Vi dth-250u •• 
Outu C cl. 
2% 
Vd.-7V 


Pu 168 Dura l ion-250us. 
Dulu Cuc1.-2%. Tc-250C 


/1 


10 
~/ 
Vg.-6V 
~ 
4 
'" 


I, 


6 
'" 
'" 


0- 
0- 
3 
z 
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FIGURE 2. TYPICAL 
TRANSFER 
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FIGURE 3. TYPICAL SATURATION CHARACTERISTICS 
FIGURE 4. MAXIMUM SAFE OPERATING AREA 
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FIGURE 6. TYPICAL FORWARD TRANSCONDUCTANCE 
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FIGURE 9. NORMALIZED DRAIN-TO-SOURCE 
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FIGURE 11. TYPICAL GATE CHARGE 
FIGURE 12. TYPICAL DRAIN-SOURCE ON RESISTANCE 
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RFM6N45/6N50 
RFP6N45/6N50 


N-Channel Enhancement Mode 


Power Field Effect Transistors 


(II HARRIS 


Features 


• GA, 450V and 500V 


• rDS(on) = 1.250 


• SOA is Power-Dissipation 
Limited 


• Nanosecond Switching Speeds 


• Linear Transfer Characteristics 


• High Input Impedance 


• Majority Carrier Device 


DRAIN 
SOU~LANGE)o 
GATE 


Description 


The RFM6N45 and RFM6N50 and the RFP6N45 and 
RFP6N50 are n-channel enhancement-mode silicon-gate 
power field-effect transistors designed for applications 
such as switching regulators, switching converters, motor 
drivers, relay drivers, and drivers for high-power bipolar 
switching 
transistors 
requiring 
high 
speed 
and 
low 
gate-drive power. These types can be operated directly 
from integrated circuits. 


The 
RFM-series 
types 
are 
supplied 
in 
the 
JEDEC 
TO-204M 
steel package and the RFP-series types in the 
JEDEC TO-220AB plastic package. 


Terminal Diagram 


N-CHANNEL 
ENHANCEMENT 
MODE 


RFM6N45 
RFM6N50 
RFP6N45 
RFP6N50 


Drain-Source Voltage .••....•••...•••....... 
VOSS 
450 
500 
450 
500 
Drain-Gate Voltage IRGS = 1mO) ..•••....... 
VDGR 
450 
500 
450 
500 
Continuous Drain Current 
RMS Continuous 
..•••...••.....••........... 
10 
6 
6 
G 
6 
Pulsed Drain Current. ....•••...••••.......•. 
IDM 
15 
15 
15 
15 
Gate-Source Voltage 
••...................... 
VGS 
±20 
±20 
±20 
±20 


Maximum Power Dissipation 
TC= +250C ..................•......•••.•.. 
Po 
100 
100 
75 
75 
Above TC = +250C, Derate Linearly ............. 
0.8 
0.8 
0.6 
0.6 
Operating and Storage Junction ........... 
TJ, TSTG 
-55 to +150 
-55to+150 
-55to 
+150 
-55to+150 


Temperature Range 


UNITS 


V 
V 


W 
W/oC 
°C 


LIMITS 


CHARACTERISTICS 
SYMBOL 
TEST 
RFM6N45 
RFM6N50 
UNITS 
CONDITIONS 
RFP6N45 
RFP6N50 


MIN. 
MAX. 
MIN. 
MAX. 


Drain-Source 
Breakdown 
Voltage 
BVoss 
10=1 mA 
450 
- 
500 
- 
V 
Ves=O 


Gate 
Threshold 
Voltage 
Ves(th) 
Ves=Vos 
2 
4 
2 
4 
V 
10=1 mA 


Zero 
Gate 
Voltage 
Drain 
Current 
loss 
Vos=360 
V 
- 
10 
- 
- 


Vos=400 
V 
- 
- 
- 
10 


Tc=125°C 
JiA 


Vos=360 
V 
- 
50 
- 
- 


Vos=400 
V 
- 
- 
- 
50 


Gate-Source 
Leakage 
Current 
less 
Ves=±20 
V 
- 
100 
- 
100 
nA 
Vos=O 


Drain-Source 
On Voltage 
Vos(on)" 
10=3 A 
- 
3.75 
- 
3.75 


Ves=10 V 
V 


10=6 A 
- 
12 
- 
12 


Ves=10 V 


Static 
Drain-Source 
On Resistance 
ros(on)" 
10=3 A 
- 
1.25 
- 
1.25 
0 
Ves=10V 


Forward 
Transconductance 
gfsa 
Vos=10 V 
2 
- 
2 
- 
mho 


10=3 A 


Input 
Capacitance 
C1SS 
Vos=25 V 
- 
1500 
- 
1500 


Output 
Capacitance 
Coss 
Ves=O V 
- 
250 
- 
250 
pF 
Reverse 
Transfer 
Capacitance 
C"" 
f=1 MHz 
- 
200 
- 
200 
Turn-On 
Delay 
Time 
td(on) 
Voo = 250 V 
15(typ) 
45 
15(typ) 
45 


Rise Time 
t, 
10=3 A 
40(typ) 
80 
40(typ) 
80 
ns 
Turn-Off 
Delay 
Time 
td(off) 
Rgen= Rg,=50 0 
190(typ) 
300 
190(typ) 
300 


Fall Time 
tf 
Ves=10 V 
60(typ) 
100 
60(typ) 
100 


Thermal 
Resistance 
R6Jc 
RFM6N45, 
- 
1.25 
- 
1.25 
Junction-to-Case 
RFM6N50 


RFP6N45, 
- 
1.67 
- 
1.67 
°C/W 


RFP6N50 


LIMITS 


CHARACTERISTIC 
SYMBOL 
TEST 
RFM6N45 
RFM6N50 
UNITS 
CONDITIONS 
RFP6N45 
RFP6N50 
Min. 
I 
Max. 
Min. 
I 
Max. 


Diode 
Forward 
Voltage 
VSD 
a 
Iso = 3A 
- 
I 
1.4 
- 
I 
1.4 
V 


Reverse 
Recovery 
Time 
t" 
IF = 4A 
800(typ.) 
800(typ.) 
ns 


dlF/d, 
= 100A/Jis 


{!! 
...• w 
w u. 
zU) 
ZO 
<::E 
:Ca: 
"'w 
'~ 
Zo 
I:L 


• • 
• • 
-I 
-10 
-100 
ORAIN-TO-SOURCE VOLTAGE (VOS)-V 


92CS·37116Rl 


• 


o 
SO 
100 
150 


JUNCTION TEMPERATURE ITJI--C 


92CS-:HI18 
Fig. 3 - 
Typical normalized gate threshold voltage as a function 
of junction 
temperature for all types. 
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Fig. 4 - 
Normalized drain-to-source 
on resistance to junction 
temperature for all types. 
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Fig. 6 - Normalized switching 
waveforms tor constant gate-current 
Refer to Harris application 
notes AN-7254 
and AN-7260 
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Fig. 9 - 
Capacitance 
as a function 
of drain-to-source 
voltage for all types. 
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RFM7N35/7N40 
RFP7N35/7N40 


N-Channel 
Enhancement 
Mode 


Power Field Effect Transistors 


Ell HARRIS 


Features 


• 7A, 3S0V 
and 
400V 


• rDS(on) 
= 0.750 


• SOA 
is Power-Dissipation 
Limited 


• Nanosecond 
Switching 
Speeds 


• Linear 
Transfer 
Characteristics 


• High 
Input 
Impedance 


• Majority 
Carrier 
Device 


DRAIN 
SOU~l.ANGE)o 
GATE 


Description 


The 
RFM7N35 
and 
RFM7N40 
and 
the 
RFP7N35 
and 
RFP7N40 
are n-channel 
enhancement-mode 
silicon-gate 
power 
field-effect 
transistors 
designed 
for 
applications 


such 
as sWitching 
regulators, 
switching 
converters, 
motor 


drivers, 
relay 
drivers, 
and 
drivers 
for 
high-power 
bipolar 
sWitching 
transistors 
requiring 
high 
speed 
and 
low 


gate-drive 
power. 
These 
types 
can 
be operated 
directly 
from 
integrated 
circuits. 


The 
RFM-series 
types 
are 
supplied 
in 
the 
JEDEC 
TO-204AA 
steel package 
and the RFP-series 
types 
in the 
JEDEC 
TO-220AB 
plastic 
package. 


Terminal Diagram 
N-CHANNEL 
ENHANCEMENT MODE 


Absolute 
Maximum 
Ratings 
(TC'" 
250C), 
Unless 
Otherwise 
Specified 


RFM7N35 
RFM7N40 
RFP7N35 
RFP7N40 
UNITS 


Drain-Source Voltage ....................... 
VOSS 
350 
400 
350 
400 
V 
Drain-Gate Voltage (RGS = 1mOl· 
........... 
VOGR 
350 
400 
350 
400 
V 


Continuous Drain Current 
RMS Continuous ............................ 
10 
7 
7 
7 
7 
A 
Pulsed Drain Current. ....................... 
IOM 
15 
15 
15 
15 
A 
Gate-SourceVoltage 
........................ 
VGS 
±20 
±20 
±20 
±20 
V 
Maximum Power Dissipation 
TC = +250C ................................ 
Po 
100 
100 
75 
75 
W 


Above TC = +250C. Derate Linearly ............. 
0.8 
0.8 
0.6 
0.6 
W/oC 
Operating and Storage Junction ........... 
TJ, TSTG 
-55to+150 
-55to+150 
-55to+150 
-5510 +150 
oC 
Temperature Range 


-- 
LIMITS 
TEST 
RFM7N35 
RFM7N40 
UNITS 
CHARACTERISTIC 
SYMBOL 
CONDITIONS 
RFP7N35 
RFP7N40 
Min. 
Max. 
Min. 
Max. 


Drain-Source 
Breakdown 
Voltage 
BVoss 
10=1 mA 
350 
- 
400 
- 
V 


VGs=O 
Gate-Threshold 
Voltage 
VGs(th) 
VGs=Vos 
2 
4 
2 
4 
V 


10=1mA 
Zero-Gate 
Voltage Drain Current 
loss 
Vos-280 V 
- 
1 
- 
- 
Vos=320 V 
- 
- 
- 
1 
Tc=125°C 
IJA 
Vos=280 V 
- 
50 
- 
- 


Vos=320 V 
- 
- 
- 
50 


Gate-Source 
Leakage Current 
IGss 
VGs=±20 V 
- 
100 
- 
100 
nA 


Vos=O 
Drain-Source 
On Voltage 
Vos(on)8 
10=3.5 A 
- 
2.63 
- 
2.63 
VGs=10V 
V 
10=7A 
- 
10 
- 
10 
VGs=10V 
Static Drain-Source 
On Resistance 
ros(on)8 
10=3.5A 
- 
0.75 
- 
0.75 
n 
VGs=10V 
Forward Transconductance 
gts8 
Vos=10 V 
2 
- 
2 
- 
mho 
10=3.5A 
Input Capacitance 
Ciss 
Vos=25 V 
- 
1600 
- 
1600 
Output 
Capacitance 
Coss 
VGs=OV 
- 
300 
- 
300 
pF 
Reverse-Transfer 
Capacitance 
Gras 
f= 1 MHz 
- 
200 
- 
200 
Turn-On 
Delay Time 
t..(on) 
Vos-200 V 
16(typ) 
45 
16(typ) 
45 
Rise Time 
t, 
10=3.5A 
54(typ) 
75 
54(typ) 
75 
Turn-Off 
Delay Time 
t..(off) 
Rgen=Rgs=50n 
70(typ) 
250 
70(typ) 
250 
ns 


Fall Time 
t, 
VGs=10V 
62(typ) 
100 
62(typ) 
100 
Thermal Resistance Junction-to-Case 
R9JC 
RFM7N35, 
1.25 
1.25 
- 
- 
RFM7N40 
°C/W 
RFP7N35, 
- 
1.67 
- 
1.67 
RFP7N40 


I 
LIMITS 


CHARACTERISTIC 
SYMBOL 
TEST 
RFM7N35 
RFM7N40 
CONDITIONS 
RFP7N35 
RFP7N40 
UNITS 


Min. 
I Max. 
Min. 
I Max. 
Diode Forward Voltage 
Vs08 
Iso=3.5 A 
- 
I 
1.4 
- 
I 
1.4 
V 


Reverse Recovery Time 
tn 
IF-4 A 
870 (typ) 
diF/dt=100 
A/IJ.S 
ns 
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100. 
CASE 
TEMPERATUREITC)' 
2S'C 


(CURVES 
MUST 
BE 
DERATED 
LINEARLY 
WITH 
INCREASE 
IN 
TEMPERATURE) 


.~ VOSS (MAX) 
3S0V RFM7N3S, 
RFP7N3S 


··::Voss 
(MAX) 
400V RFM7N40, 
RFP7N40 


46812 
681 
10 
100 


DRAIN-TO-SOURCE 
VOLTAGE 
(VDS 
I-V 


92CM-37603 


Maximum safe operating areas for all types. 


50 
100 
150 


CASE TEMPERATURE (Tel _·c 
92C5-37734 
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Fig. 2 - Power dissipation 
vs. case temperature derating curve 
for all types. 


Fig. 3 - Typical normalized gate threshold voltage as a function 


of junction 
temperature for all types. 
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Fig. 4 - Normalized drain-to-source 
on resistance as a function 
of junction 
temperature 
for all types. 
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Fig. 6 - Normalized switching waveforms for constant gate-current 
Refer to Harris application notes AN-7254 and AN-7260 
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Fig. 8 - Typical drain-to-source 
on resistance as a function of 
drain current for all types. 
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Fig. 10 - Typical 
forward 
transconductance 
as a function 
of 
drain current for all types. 
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Fig. 9 - Capacitance 
as a function 
of drain-to-source 
voltage 
for all types. 
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mHARRIS 
RFMSN1S/SN20 
RFPSN1S/SN20 


N-Channel Enhancement Mode 


Power Field Effect Transistors 


• SA, 1S0V and 200V 


• rDSlon) = 0.50 


• SOA is Power-Dissipation 
Limited 


• Nanosecond Switching Speeds 


• Linear Transfer Characteristics 


• High Input Impedance 


• Majority Carrier Device 


DRAIN 
SOU~L.ANGE)o 
GATE 


Description 


The RFM8N18 and RFM8N20 and the RFP8N18 and 
RFP8N20 are n-channel enhancement-mode silicon-gate 
power field-effect transistors designed for applications 
such as switching regulators, switching converters, motor 
drivers, relay drivers, and drivers for high-power bipolar 
switching 
transistors 
requiring 
high 
speed 
and 
low 
gate-drive power. These types can be operated directly 
from integrated circuits. 


The 
RFM-types 
are 
supplied 
in 
the 
JEDEC 
TO-204M 
steel package and the RFP-types in the JEDEC 
TO-220AB plastic package. 


DRAIN§[l 
(FL.A~GE) 0 
=:::=::=>: ~~I~CE 


L-+ 
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Terminal Diagram 


N-CHANNEL 
ENHANCEMENT 
MODE 


RFM8N18 
RFM8N20 
RFP8N18 
RFP8N20 


Drain-Source Voltage ....••....•..•••.•....• 
VOSS 
180 
200 
180 
200 
Drain-Gate Voltage (RGS = 1mO) ....•••..... 
VDGR 
180 
200 
180 
200 
Continuous Drain Current 
RMS Continuous 
..................•••....... 
10 
8 
8 
8 
8 
Pulsed Drain Current ...........•.....•...... 
10M 
20 
20 
20 
20 


Gate-Source Voltage 
........................ 
VGS 
±20 
±20 
±20 
±20 


Maximum Power Dissipation 
TC = +250C ............••...•.............. 
Po 
75 
75 
60 
60 
Above TC = +250C, Derate Linearly 
..••......... 
0.6 
0.6 
0.48 
0.48 
Operating and Storage Junction ....•.....• 
TJ, TSTG 
-55to+150 
-55to+150 
-55to+150 
-55to+150 
Temperature Range 


UNITS 


V 
V 


W 
WloC 
°c 


LIMITS 


RFM8N18 
RFM8N20 


TEST 
RFP8N18 
RFP8N20 


CHARACTERISTICS 
SYMBOL 
CONDITIONS 
MIN. 
MAX. 
MIN. 
MAX. 
UNITS 


Drain-Source 
Breakdown 
Voltage 
BVoss 
10 = 1 mA 
180 
200 
V 
- 
- 
VGS= 0 


Gate Threshold 
Voltage 
VGSHhl 
VGs= Vos 
2 
4 
2 
4 
V 
10 = 1 mA 


Vos = 145 V 
- 
1 
- 
- 


Zero Gate Voltage Drain Current 
Vos = 160 V 
- 
- 
- 
1 


loss 
Tc = 125°C 
pA 


Vos = 145 V 
- 
50 
- 
- 


Vos=160V 
- 
- 
- 
50 


Gate-Source 
Leakage Current 
IGSS 
VGS= ± 20 V 
100 
100 
nA 
- 
- 
Vos = 0 


10 = 4 A 
2.0 
2.0 
- 
- 


Drain-Source 
On Voltage 
Vos(on)' 
VGS= 10 V 
V 
10 = 8 A 
- 
5.5 
- 
5.5 
VGS= 10 V 


Static Drain-Source 
On Resistance 
ros(on)' 
10 = 4 A 
0.5 
0.5 
0 
- 
- 
VGS= 10 V 


Forward Transconductance 
gr88 
Vos = 10 V 
1.5 
1.5 
mho 
- 
- 
10 = 4 A 


Inout Caoacitance 
CillS 
Vos = 25 V 
- 
750 
- 
750 


Output 
Capacitance 
Coss 
VGS= 0 V 
- 
250 
- 
250 
pF 


Reverse Transfer 
Capacitance 
C••• 
f = 1MHz 
- 
100 
- 
100 
Turn-On 
Delav Time 
to(on) 
Voo=100V 
30(typ.) 
45 
30(typ.) 
45 


Rise Time 
t, 
10 = 4 A 
100(typ.) 
150 
100(typ.) 
150 
ns 
Turn-Off 
Delay Time 
to(off) 
Rg,n = Rg• = 50 n 90(typ.) 
135 
90(typ.) 
135 


Fall Time 
tf 
VGS= 10 V 
70(typ.) 
105 
70(typ.) 
105 


RFM8N18, 
1.67 
1.67 
- 
- 
Thermal 
Resistance 
R8JC 
RFM8N20 
°C/W 
Junction-to-Case 
RFP8N18, 
- 
2.083 
- 
2.083 
RFP8N20 


UN T5 


CHARACTERISTIC 
SYMBOL 
TEST 
RFM8N18 
RFM8N20 
UNITS 
CONDITIONS 
RFP8N18 
RFP8N20 
Min. 
I 
Max. 
Min. 
I 
Max. 


Diode Forward Voltage 
Vso' 
Iso = 4A 
- 
I 
1.4 
- 
I 
1.4 
V 


Reverse Recovery Time 
t" 
IF = 4A 
225(typ.) 
225(typ.) 
ns 
d,F/d. = 100Alps 
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• 
CASE TEMPERATURE (TCl'2~"C 
(CURVES MUST BE DERATED 
• 
LINEARLY WITH INCREASE 
IN TEMPEMPERATUREl 
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TEMPERATURE 
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Fig. 4 - Normalized drain-to-source 
on resistance to junction tem- 
perature for all types. 
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Fig. 3 - 
Typical normalized gate threshold voltage as a function 
of junction 
temperature for all types. 
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Fig. 6 - Normalized switching waveforms for constant gate-current 
Refer to Harris application notes AN-7254 and AN-7260 


Fig. 8 - Typical 
drain-to-source 
on resistance 
as a function 
of 
drain current 
for all types. 
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Fig. 10 - 
Typical forward transconductance 
as a function of drain 
current 
for all types. 
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Typical saturation 
characteristics 
for all types. 
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(II HARRIS 


• lOA, l20V and l50V 


• rDS(on) = 0.30 


• SOA is Power-Dissipation 
Limited 


• Nanosecond Switching Speeds 


• Linear Transfer Characteristics 


• High Input Impedance 


• Majority Carrier Device 


RFM10N12/10N15 
RFP1ON12/1 ON15 
N-Channel 
Enhancement 
Mode 


Power Field Effect Transistors 


DRAIN 
SOU~L.ANGE)o 
GATE 


Description 


The RFM10N12 and RFM10N15 and the RFP10N12 and 
RFP1ON15 are n-channel enhancement-mode silicon-gate 
power field-effect 
transistors designed for applications 
such as switching regulators, switching converters, motor 
drivers, relay drivers, and drivers for high-power bipolar 
switching 
transistors 
requiring 
high 
speed 
and 
low 
gate-drive power. These types can be operated directly 
from integrated circuits. 


The 
RFM-types 
are 
supplied 
in 
the 
JEDEC 
TO-204AA steel package and the RFP-types in the JEDEC 
TO-220AB plastic package. 


Terminal Diagram 


N-CHANNEL 
ENHANCEMENT MODE 


Drain-Source Voltage .....••...••••••••...•. 
VOSS 
Drain-Gate Voltage (RGS = 1mO) ..••••.•.... 
VOGR 
Continuous Drain Current 
RMS Continuous ...••...•.••......••........ 
10 
Pulsed Drain Current. •...••..............•.. 
10M 
Gate-Source Vo~age ..............••.•••.... 
VGS 
Maximum Power Dissipation 


TC = +250C ................••.............. 
Po 
Above TC = +250C, Derate Linearly 
. 
Operating and Storage Junction .•.....•.•• 
TJ, TSTG 
Temperature Range 


RFM10N12 
RFM10N15 
RFP10N12 


120 
150 
120 
120 
150 
120 


10 
10 
10 
25 
25 
25 
±20 
±20 
±20 


75 
75 
60 
0.6 
0.6 
0.48 
-55to+150 
-55to+150 
-55to+150 


RFP10N15 


150 
150 


UNITS 


V 
V 


60 
0.48 
-5510+150 


W 
W/oC 
°C 


LIMITS 


RFM10N12 
RFM10N15 


TEST 
RFP10N12 
RFP10N15 
CHARACTERISTICS 
SYMBOL 
CONDITIONS 
MIN. 
MAX. 
MIN. 
MAX. 
UNITS 


Drain-Source 
Breakdown 
Voltage 
BVoss 
10 = 1 mA 
120 
150 
V 
- 
- 
VGS= 0 


Gate Threshold 
Voltage 
VGSUh) 
VGS= Vos 
2 
4 
2 
4 
V 


10 = 2 mA 


Vos = 100 V 
- 
1 
- 
- 


Zero Gate Voltage Drain Current 
Vos = 120 V 
- 
- 
- 
1 


loss 
Tc - 
125°C 
IlA 


Vos=100V 
- 
50 
- 
- 
Vos = 120 V 
- 
- 
- 
50 


Gate-Source 
Leakage Current 
IGss 
VGS= ± 20 V 
100 
100 
nA 
- 
- 
Vos = 0 


10 = 5 A 
1.5 
1.5 
- 
- 
Drain-Source 
On Voltage 
Vos(on)" 
VGS= 10 V 
V 


10 - 
10 A 
- 
4 
- 
4 
VGS= 10 V 


Static Drain-Source 
On Resistance 
ros(on)" 
10 = 5 A 
0.3 
0.3 
n 
- 
- 
VGS= 10 V 


Forward Transconductance 
9111 


8 
VOS= 10 V 
2 
2 
mho 
- 
- 
10 = 5 A 


Input Capacitance 
Cin 
Vos=25 V 
- 
850 
- 
850 
Output Capacitance 
Coss 
VGS= 0 V 
- 
230 
- 
230 
pF 


Reverse Transfer 
Capacitance 
C••• 
~ = 1MHz 
- 
100 
- 
100 


Turn-On 
Delay Time 
t.(on) 
Voo=75 V 
40(typ.) 
60 
40(typ.) 
60 
Rise Time 
t, 
10 = 5 A 
165(typ.) 
250 
165(typ.) 
250 
ns 


Turn-Off 
Delay Time 
t.(off) 
Rge" = Rg• = 50 n 
90(lyp.) 
135 
90(typ.) 
135 
Fall Time 
tf 
VGS= 10 V 
90(lyp.) 
135 
90(lyp.) 
135 


RFM10N12, 
1.67 
1.67 
- 
- 
Thermal 
Resistance 
R8JC 
RFM10N15 
°CIW 
Junction-lo-Case 
RFP10N12, 
- 
2.083 
- 
2.083 
RFP10N15 


LIMITS 


CHARACTERISTIC 
SYMBOL 
TEST 
RFM10N12 
RFM10N15 
UNITS 
CONDITIONS 
RFP10N12 
RFP10N15 
MIN. 
I 
MAX. 
MIN. 
I 
MAX. 


Diode Forward Voltaoe 
Vso 
Iso-5 A 
- 
I 
1.4 
- 
I 
1.4 
V 


Reverse Recovery Time 
t" 
IF=4 A 
200(typ) 
200(typ) 
ns 
dlF/d,=100 A//lS 


~ 
...• .., 
.., .•.. 
ze;) 
ZO 
<:E 
:J:a: 
u.., 
';t 
Zoa. 


• 
CASE 
TEMPERATURE 
(TC)-2S 
'l: 


• 
(CURVES 
MUST 
BE DERATED 
LINEARLY 
WITH 
INCREASE 
IN 


4 
TEMPERATURE) 


!10 
e 


oJ..z 
'"crcr 
::>u 
I 
Z 
<icro 


10 
100 
1000 


DRAIN-TO-SOURCE 
VOLTAGE 
(VDS)-V 


92CS- 
361!l7RI 


o 
SO 
100 
150 


JUNCTION 
TEMPERATURE 
I T Jl-· 
C 


92CS·34359 


Fig. 3 - 
Typical normalized gate threshold voltage as a function 
of junction 
temperature for all types. 


Fig. 4 - Normalized drain-to-source 
on resistance to junction tem- 
perature for all types. 


Fig. 6 - Normalized switching waveforms for constant gate-current. 


Refer to Harris application notes AN-7254 
and AN-7260 


Fig. 8 - Typical 
drain-to-source 
on resistance 
as a function 
drain 
current 
for all types. 
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Fig. 10- Typical 
forward 
transconductance 
as a function 
of 
drain current 
for all types. 
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(II HARRIS 
RFH10N45 
RFH10N50 


N-Channel Enhancement Mode 


Power Field Effect Transistors 


Features 


• 10A, 450V and 500V 


• rDS(on) = 0.60 


• SOA is Power-Dissipation 
Limited 


• Nanosecond Switching Speeds 


• Linear Transfer Characteristics 


• High Input Impedance 


• Majority Carrier Device 


• High-Current, 
Low-Inductance 
Package 


DL:@O 
::~~I:CE 


GATE 


Description 


The RFH10N45 and RFH10N50 n-channel enhancement- 
mode silicon-gate power field-effect transistors designed 
for applications such as switching regulators, switching 
converters, motor drivers, relay drivers, and drivers for 
high-power bipolar switching transistors requiring high 
speed and low gate-drive power. These transistors can be 
operated directly from integrated circuits. 


The RFH types are supplied in the JEDEC TO-218AC 
plastic package. 


Terminal Diagram 


N-CHANNEL 
ENHANCEMENT 
MODE 


Drain-Source Voltage .........•......••.......•........................ 
VOSS 
Drain-Gate Voltage (RGS = 1mO) ....................•.........•••••••.. 
VDGR 
Continuous Drain Current 
RMS Continuous 
...........•......••.••.....•..••••••...........••..... 
10 
Pulsed Drain Current. •••...•.......................................•... 
10M 
Gate-Source Voltage 
.........•••....•••••.............................. 
VGS 
Maximum Power Dissipation 
TC = +250C •••................................•••••••..•.....••••••... 
Po 
AboveTC = +250C, Derate Linearly 
.•.•..•......................••••••••... 
Operating and Storage Junction •.•......••.........•....•••.•.....••• 
TJ. TSTG 
Temperature Range 


RFH10N45 
RFH10N50 
UNITS 


450 
500 
V 
450 
500 
V 


10 
10 
A 
20 
20 
A 
±20 
±20 
V 


150 
150 
W 
1.2 
1.2 
W/oC 


-55to+150 
-55 to +150 
°C 


LIMITS 
TEST 
CHARACTERISTIC 
SYMBOL 
CONDITIONS 
RFH10N45 
RFH10N50 
UNITS 


Min. 
Max. 
Min. 
Max. 


Drain-Source 
Breakdown 
BVoss 
10=10mA 
450 
- 
500 
- 
V 


Voltage 
Vas = 0 


Gate Threshold 
Voltage 
Vas(th) 
Vas = Vos 
2 
4 
2 
4 
V 


10= 1 mA 


Zero Gate Voltage Drain 
loss 
Vos = 360 V 
- 
1 
- 
- 


Current 
Vos = 400 V 
- 
- 
- 
1 


Tc = 125°C 
IJA 


Vos = 360 V 
- 
50 
- 
- 


Vos = 400 V 
- 
- 
- 
50 


Gate-Source 
Leakage 
loss 
Vas = ± 20 V 
- 
100 
- 
100 
nA 


Current 
Vos = 0 


Drain-Source 
On Voltage 
Vos(on)a 
10= 5A 
- 
3.0 
- 
3.0 


Vas = 10 V 
V 


10= 10A 
- 
10 
- 
10 


Vas = 10 V 


Static Drain-Source 
On 
ros(on)8 
10= 5A 
- 
0.6 
- 
0.6 
n 


Resistance 
Vas = 10 V 


Forward Transconductance 
g,.a 
Vos=10V 
5 
- 
5 
- 
mho 


10= 5 A 


Input Capacitance 
Ci•• 
Vos = 25 V 
- 
3000 
- 
3000 


Output Capacitance 
Co •• 
Vas = 0 V 
-,- 
600 
- 
600 
pF 


Reverse Transfer 
Capacitance 
C,•• 
f = 1MHz 
- 
200 
- 
200 


Turn-On 
Delay Time 
t.(on) 
Vos = 250 V 
26(typ) 
60 
26(typ) 
60 


Rise Time 
t, 
10= 5 A 
50(typ) 
100 
50(typ) 
100 
ns 


Turn-Off 
Delay Time 
t.(off) 
R•• n=H••=50n 
525(typ) 
900 
525(typ) 
900 


Fall Time 
t, 
Vas = 10 V 
105(typ) 
180 
105(typ) 
180 


Thermal Resistance 
R8Jc 
RFH10N45, 
Junction-to-Case 
RFH10N50 
- 
0.83 
- 
0.83 
°C/W 


Series 


. 


LIMITS 


CHARACTERISTIC 
TEST CONDITIONS 
RFH10N45 
RFH10N50 
UNITS 


Min. 
Max. 
Min. 
Max. 


Diode Forward Voltage 
Vso' 
Iso = 5A 
- 
1.4 
- 
1.4 
V 


Reverse Recovery Time 
tn 
IF= 4A. dIF/d. = 100 AI /is 
950 (typ.) 
950 (typ.) 
ns 


{!! 
-,w 
w 
u.. 
z<n 
zO 
<::IE 
::Ca: 
"'w 
'~ 
zoa.. 


•I 
120 
~ 
~ 
100 
i 80 
::: 
" 
~ 
60 
•Ii' 
40 


100. 
CASE 
TEMPERATURE 
(TCI' 
25°C 


(CURVES 
MUST 
BE DERATED 


LINEARLY 
WITH 
INCREASE 
IN 


4 
TEMPERATURE) 


•• 
10 
100 


DRAIN-TO-SOURCE 
VOLTAGE 
(VDSI 
- 
V 


so 
100 
ISO 
200 


CASE 
TEMPERATURE 
ITC)--C 


92C5-37057 


Fig. 3 - Typical normalized gate threshold voltage as a function of 


junction 
temperature for all types. 
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Fig. 4 - Normalized 
drain-to-source 
on resistance 
to junction 
temperature for all types. 
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Fig. 8 - Typical drain-to-source 
on resistance 
as a function 
of 
drain current for all types. 


Fig. 10- Typical forward transconductance 
as a function of drain 
current for all types. 
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Fig. 9 - Capacitance 
as a function 
of drain-to-source 
voltage for 
all types. 
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(II HARRIS 
RFM10N45 
RFM10N50 


N-Channel Enhancement Mode 


Power Field Effect Transistors 


• lOA, 450V and 500V 


• rDS(on) = 0.60 


• SOA is Power-Dissipation 
Limited 


• Nanosecond Switching Speeds 


• Linear Transfer Characteristics 


• High Input Impedance 


• Majority Carrier Device 


• High-Current, 
Low-Inductance 
Package 


DRAIN 
SOU~LANGE)o 
GATE 


Description 


The RFM10N45 and RFM10N50 n-channel enhancement- 
mode silicon-gate power field-effect transistors designed 
for applications such as switching regulators, sWitching 
converters, motor drivers, relay drivers, and drivers for 
high-power bipolar transistors requiring high speed and 
low gate-drive power. These transistors can be operated 
directly from integrated circuits. 


The RFM types are supplied in the JEDEC TO-204AA 
steel package. 


Terminal Diagram 


N-CHANNEL 
ENHANCEMENT 
MODE 


Drain-Source 
Voltage •.....•••.....••.••........•..•................... 
VOSS 
Drain-Gate 
Voltage (RGS = 1mO) ......•.........•.•••.•.•.............. 
VDGR 
Continuous 
Drain Current 
RMS Continuous 
...•.....................•............••••.......•..•.. 
10 
Pulsed Drain Current. 
10M 
Gate-Source 
Voltage 
....••.....••••.................................... 
VGS 


Maximum Power Dissipation 


TC = +250C 
..••.........•.....••..........•........................... 
Po 
Above TC = +250C. Derate Linearly 
..............................•••....... 


Operating and Storage Junction 
...............•............•......... 
TJ, TSTG 
Temperature Range 


RFM10N45 
RFM10N50 
UNITS 


450 
500 
V 
450 
500 
V 


10 
10 
A 
20 
20 
A 
±20 
±20 
V 


150 
150 
W 
1.2 
1.2 
WloC 
-55to+150 
-55to+150 
°c 


LIMITS 
TEST 
CHARACTERISTIC 
SYMBOL 
CONDITIONS 
RFM10N45 
RFM10N50 
UNITS 


Min. 
Max. 
Min. 
Max. 


Drain-Source 
Breakdown 
BVoss 
10=10mA 
450 
- 
500 
- 
V 


Voltage 
Vas = 0 


Gate Threshold 
Voltage 
Vas(th) 
Vas = Vos 
2 
4 
2 
4 
V 


10= 1 mA 


Zero Gate Voltage Drain 
loss 
Vos = 360 V 
- 
1 
- 
- 


Current 
Vos = 400 V 
- 
- 
- 
1 


Tc = 125°C 
IlA 


Vos = 360 V 
- 
50 
- 
- 


Vos = 400 V 
- 
- 
- 
50 


Gate-Source 
Leakage 
lass 
Vas = ± 20 V 
- 
100 
- 
100 
nA 


Current 
Vos = 0 


Drain-Source 
On Voltage 
Vos(on)a 
10= 5 A 
- 
3.0 
- 
3.0 


Vas = 10 V 
V 


10= 10 A 
- 
10 
- 
10 


Vas = 10 V 


Static Drain-Source 
On 
ros(on)a 
10= 5A 
- 
0.6 
- 
0.6 
n 


Resistance 
Vas = 10 V 


Forward Transconductance 
g••a 
Vos = 10 V 
5 
- 
5 
- 
mho 


10= 5 A 


Input Capacitance 
Ciao 
Vos = 25 V 
- 
3000 
- 
3000 


Output Capacitance 
Co•• 
Vas = 0 V 
- 
600 
- 
600 
pF 


Reverse Transfer Capacitance 
Cr•• 
f = 1 MHz 
- 
200 
- 
200 


Turn-On 
Delay Time 
td(on) 
Vos = 250 
26(typ) 
60 
26(typ) 
60 


Rise Time 
t, 
10= 5 A 
50(typ) 
100 
50(typ) 
100 
ns 


Turn-Oft 
Delay Time 
td(Oft) 
R•• n=R••=50n 
525(typ) 
900 
525(typ) 
900 


Fall Time 
tt 
Vas = 10 V 
105(typ) 
180 
105(typ) 
180 


Thermal 
Resistance 
R8JC 
RFM10N45, 
Junction-to-Case 
RFM10N50 
- 
0.83 
- 
0.83 
°C/W 


Series 


LIMITS 


CHARACTERISTIC 
TEST CONDITIONS 
RFM10N45 
RFM10N50 
UNITS 


Min. 
Max. 
Min. 
Max. 


Diode Forward Voltage 
Vso 
Iso = 5A 
- 
1.4 
- 
1.4 
V 


Reverse Recovery Time 
tn 
IF= 4A, dlF/dt = 100 A//iS 
950 typo 
950 typo 
ns 
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<::E 
:Z:a: 
Uw'~ 
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100. 
CASE 
TEMPERATURE 
ITCI> 
2S"C 


(CURVES 
MUST 
BE 
DERATED 


LINEARLY 
WITH 
INCREASE 
IN 


• 
TEMPERATURE) 


10 
100 


DRAIN-TO-SOURCE 
VOLTAGE 
(VOS) 
- 
V 


92CS-37056R2 


~ 
I 
120 
;r 


~ 
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~ 
iiic 
•• 
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• 
I? 
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CASE 
TEMPERATURE 
(TC)--C 


92CS-37057 


o 
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Fig. 3 - Typical normalized gate threshold voltage as a function of 


junction 
temperature for all types. 


u 
§"=" 
5L!~g1.5 
" 
J!i 
o~~~~ 


o 
50 
100 
ISO 
200 
250 
300 


JUNCTION 
TEMPERATURE 
ITJI 
_·C 


92CS-37058 


1 
2 
3 
" 
5 
6 


GATE-ro-SOURCE 
VOLTAGE 
IVGS)-V 


92C5-H059 


Fig. 4 - Normalized 
drain-to-source 
on resistance 
to junction 
temperature 
for all types. 
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Fig. B - Typical 
drain-to-source 
on resistance 
as a function 
of 
drain current for all types. 


Fig. 10 - Typical forward transconductance 
as a function 
of drain 
current for all types. 
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Fig. 9 - Capacitance 
as a function of drain-to-source 
voltage for 


all types. 
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RFM12N08/12N10 
RFP12N08/12N10 


N-Channel Enhancement Mode 


Power Field Effect Transistors 


Em HARRIS 


Features 


• 12A, 
80V 
and 
100V 


• rDS{on) 
= 0.20 


• SOA 
is Power-Dissipation 
Limited 


• Nanosecond 
Switching 
Speeds 


• Linear 
Transfer 
Characteristics 


• High 
Input 
Impedance 


• Majority 
Carrier 
Device 


DRAIN 
SOU~LANGE)o 
GATE 


Description 


The RFM12N08 
and 
RFM12N10 
and the 
RFP12N08 
and 
RFP12N 10 are n-channel 
enhancement-mode 
silicon-gate 
power 
field-effect 
transistors 
designed 
for 
applications 
such 
as switching 
regulators, 
switching 
converters, 
motor 
drivers, 
relay 
drivers, 
and 
drivers 
for 
high-power 
bipolar 
switching 
transistors 
requiring 
high 
speed 
and 
low 
gate-drive 
power. 
These 
types 
can 
be 
operated 
directly 
from 
integrated 
circuits. 


The 
RFM-series 
types 
are 
supplied 
in 
the 
JEDEC 
TO-204M 
steel package 
and the RFP-series 
types 
in the 
JEDEC 
TO-220AB 
plastic 
package. 


Terminal Diagram 


N-CHANNEL 
ENHANCEMENT 
MODE 


RFM12N08 
RFM12Nl0 
RFP12N08 
RFP12Nl0 


Drain-Source Voltage ....................... 
VOSS 
80 
100 
80 
100 
Drain-Gate Voltage (RGS = 1mOl ............ 
VOGR 
80 
100 
80 
100 
Continuous Drain Current 
RMS Continuous ............................ 
10 
12 
12 
12 
12 
Pulsed Drain Current. ....................... 
10M 
30 
30 
30 
30 
Gate-SourceVoltage 
........................ 
VGS 
±20 
±20 
±20 
±20 


Maximum Power Dissipation 
TC =+250C 
................................ 
PO 
75 
75 
60 
60 
Above TC = +250C, Derate Linearly ............. 
0.6 
0.6 
0.48 
0.48 
Operating and Storage Junction ........... 
TJ, TSTG 
-55to+150 
-55to+150 
-55to+150 
-55to+150 
Temperature Range 


UNITS 


V 
V 


W 
WloC 
°c 


LIMITS 
TEST 
RFM12N08 
RFM12N10 
UNITS 
CHARACTERISTIC 
SYMBOL 
CONDITIONS 
RFP12N08 
RFP12N10 
Min. 
Max. 
Min. 
Max. 


Drain Source 
Breakdown 
Voltage 
BVoss 
10-1 mA 
80 
- 
100 
- 
V 


Vos=O 
Gate-Threshold 
Voltage 
Vos(th) 
Vos=Vos 
2 
4 
2 
4 
V 


10=1mA 
Zero-Gate 
Voltage Drain Current 
loss 
Vos-65 V 
- 
1 
- 
- 


Vos=80 V 
- 
- 
- 
1 


Tc-125° C 
IlA 


Vos=65 V 
- 
50 
- 
- 
Vos=80 V 
- 
- 
- 
50 
Gate-Source 
Leakage Current 
loss 
Vos-±20 
V 
- 
100 
- 
100 
nA 


Vos=O 
Drain-Source 
On Voltage 
Vos(on)a 
10-6 A 
- 
1.2 
- 
1.2 
Vos=10 V 
V 
10-12 A 
- 
3.3 
- 
3.3 
Vos=10 V 
Static Drain-Source 
On Resistance 
ros(on)a 
10=6A 
- 
0.2 
- 
0.2 
0 
Vos=10 V 
Forward Transconductance 
gt.- 
Vos=10 V 
2 
- 
2 
- 
mho 


10=6A 
Input Capacitance 
Ci•• 
Vos-25 V 
- 
850 
- 
850 
Output Capacitance 
Coo. 
Vos=OV 
- 
300 
- 
300 
pF 
Reverse-Transfer 
Capacitance 
C••• 
f = 1MHz 
- 
150 
- 
150 
Turn-On 
Delay Time 
t,,(on) 
Voo-50 V 
45(Typ) 
70 
45(Typ) 
70 
Rise Time 
t, 
10=6A 
250(Typ) 
375 
250(Typ) 
375 
Turn-Off 
Delay Time 
t,,(off) 
R•• n=R••=50 0 
85(Typ) 
130 
85(Typ) 
130 
ns 


Fall Time 
t. 
Vos=10 V 
100(Typ) 
150 
100(Typ) 
150 
Thermal Resistance Junction-to-Case 
R~c 
RFM12N08. 
1.67 
1.67 
- 
- 
RFM12N10 
°C/W 
RFP12N08. 
- 
2.083 
- 
2.083 
RFP12N10 


LIMITS 


CHARACTERISTIC 
SYMBOL 
TEST 
RFM12N08 
RFP12N08 
UNITS 
CONDITIONS 
RFM12N10 
RFP12N10 
MIN. 
I 
MAX. 
MIN. 
I 
MAX. 


Diode Forward VoltaQe 
Vso 
Iso=6A 
- 
I 
1.4 
- 
I 
1.4 
V 


Reverse Recovery Time 
tn 
1.=4A 
150(typ) 
150(typ) 
ns 
d,./d,=100 A/us 


~ 
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w •.•.. 
zen 
zC 
c:E 
:Ca: 
Uw 
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8 10 
2 
4 
6 
8100 
DRAIN-TD-SOURCE 
VOLTAGE 
IVDSI-V 
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uea·"". 
Fig. 2 - Power dissipation 
vs. temperature 
derating curve 
for all types. 
Fig. 3 - Typical normalized gate threshold voltage as a function 
of junction 
temperature 
for all types. 


Fig. 4 - Normalized drain-to-source 
on resistance to junction 
tem- 
perature 
for all types. 


Fig. 6 - Normalized switching 
waveforms for constant gate-current. 
Refer to Harris application 
notes AN-7254 
and AN-7260 
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Fig. 8 - Typical 
drain-to-source 
on rasistance 
as a function 
of 
drain currant 
for a/l types. 
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Fig. 10 - Typical 
forward 
transconductance 
as a function 
of 
drain currant 
for a/l types. 
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Fig. 9 - Capacitance 
as a function 
of drain-to-source 
voltage 
for a/l types. 
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RFM12N18/12N20 
RFP12N18/12N20 


N-Channel Enhancement Mode 


Power Field Effect Transistors 


mHARRIS 


• 12A, 180V and 200V 


• rDS(on} = 0.250 


• SOA is Power-Dissipation 
Limited 


• Nanosecond Switching Speeds 


• Linear Transfer Characteristics 


• High Input Impedance 


• Majority Carrier Device 


DRAIN 


SOU~LANGE)o 
GATE 


Description 


The RFM12N18 and RFM12N20 and the RFP12N18 and 
RFP12N20are n-channel enhancement-mode silicon-gate 
power field-effect transistors designed for applications 
such as switching regulators, switching converters, motor 
drivers, relay drivers, and drivers for high-power bipolar 
switching 
transistors 
requiring 
high 
speed 
and 
low 


gate-drive power. These types can be operated directly 
from integrated circuits. 


The RFM-types are supplied in the JEDECTO-204AA steel 
package 
and 
the 
RFP-series 
types 
in 
the 
JEDEC 
TO-220AB plastic package. 
Terminal Diagram 


N-CHANNEL 
ENHANCEMENT 
MODE 


RFM12N18 
RFM12N20 
RFP12N18 
RFP12N20 


Drain-Source Voltage •..••.................. 
VDSS 
180 
200 
180 
200 
Drain-Gate Voltage (RGS = 1mO) ••.......... 
VDGR 
180 
200 
180 
200 
Continuous Drain Currenl 
RMS Continuous .............••••........... 
ID 
12 
12 
12 
12 
Pulsed Drain Current. ....................... 
IDM 
30 
30 
30 
30 


Gate-Source Voltage ........................ 
VGS 
±20 
±20 
±20 
±20 


Maximum Power Dissipation 
TC = +250C •............................... 
PD 
100 
100 
75 
75 
Above TC = +250C, Derate Linearly ............. 
0.8 
0.8 
0.6 
0.6 
Operating and Storage Junclion ........••• 
TJ, TSTG 
-5510 +150 
-5510+150 
-5510+150 
-5510+150 


Temperalure Range 


UNITS 


V 
V 


W 
WloC 


°C 


LIMITS 


CHARACTERISTIC 
SYMBOL 
TEST 
RFM12N18 
RFM12N20 
UNITS 


CONDITIONS 
RFP12N18 
RFP12N20 
Min. 
Max. 
Min. 
Max. 


Drain-Source 
Breakdown 
Voltage 
BVoss 
10=1mA 
180 
- 
200 
- 
V 


Vos=O 
Gate-Threshold 
Voltage 
Vos(th) 
Vos-Vos 
2 
4 
2 
4 
V 


10=1mA 
Zero-Gate 
Voltage Drain Current 
loss 
Vos=145 V 
- 
1 
- 
- 
Vos=160 V 
- 
- 
- 
1 
Tc=125°C 
pA 


Vos=145 V 
- 
50 
- 
- 


Vos=160 V 
- 
- 
- 
50 
Gate-Source 
Leakage Current 
loss 
Vos=±20V 
- 
100 
- 
100 
nA 


Vos=O 
Drain-Source 
On Voltage 
Vos(on)· 
10=6A 
- 
1.5 
- 
1.5 
Vos=10 V 
V 
10=12A 
- 
3.6 
- 
3.6 
Vos=10 V 
Static Drain-Source 
On Resistance 
ros(on)· 
10=6A 
- 
0.25 
- 
0.25 
n 
Vos=10 V 
Forward Transconductance 
g••• 
Vos-10 V 
4 
- 
4 
- 
mho 
10=6A 
Input Capacitance 
CIN 
Vos=25 V 
- 
1700 
- 
1700 
Output Capacitance 
Co•• 
Vos=OV 
- 
600 
- 
6ClO 
pF 
Reverse-Transfer 
Capacitance 
C••• 
f=1 MHz 
- 
300 
- 
300 
Turn-On 
Delay Time 
Io(on) 
Voo=1oo V 
35(typ) 
50 
35(typ) 
50 
Rise Time 
t, 
10=6A 
30(typ) 
200 
30(typ) 
200 
Turn-Off 
Delay Time 
I. (off) 
R.on=R ••=50 n 
20(typ) 
180 
20(typ) 
180 
ns 


Fall Time 
If 
Vos=10 V 
05(typ) 
160 
05(typ) 
160 
Thermal Resistance Junction-to-Case 
R9JC 
RFM12N18. 
1.25 
1.25 
RFM12N20 
- 
- 


RFP12N18. 
°CIW 


RFP12N20 
- 
1.67 
- 
1.67 


LIMITS 


CHARACTERISTIC 
SYMBOL 
TEST 
RFM12N18 
RFM12N20 
UNITS 
CONDITIONS 
RFP12N18 
RFP12N20 
MIN. T 
MAX. 
MIN. 
I 
MAX. 


Diode Forward VollaQe 
Vso• 
Iso=6A 
- 
I 
1.4 
- 
I 
1.4 
V 


Reverse Recovery Time 
I" 
IF=4A 
325(typ) 
325(lyp) 
ns 
dIF/d,=100AlpS 


~ 
~w 
w 
••• 


Z 
'" 
zO 
ec:E 
:r:a: 
Uw 
.l:~ 
o 
a.. 


• 
CASE 
TEMPERATURE 
(TC)- 
25·C 


• 
(CURVES 
MUST 
BE DERATED 
LINEARLY 
WITH 
INCREASE 
IN 


• 
TEMPERATURE) 
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8100 


DRAIN-TD-SDURCE 
VOLTAGE 
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92C5- 36495 R1 
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Fig. 2 - Power dissipation 
vs. cese tamparature derating curve 
for all types. 


Fig. 3 - Typical normalized gate threshold voltage as a function 


of junction 
temperature 
for all types. 
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Fig. 4 • Normalized drain-to-source 
0 n resistance as a function 
of junction 
temperature for all types. 
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Rg. 6 - Normalized switching waveforms tor constant gate-current 
Refer to Harris application notes AN-7254 and AN-7260 


Fig. 8 - Typical 
drain-to-source 
on resistance 
as a function 
of drain 
current 
for a/l 
types. 
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Fig. 10 - Typical 
forward 
transconductance 
as a function 
of 
drain current for a/l types. 
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Fig. 9 - Capacitance 
as a function 
of drain-to-source 
voltage 


for a/l types. 
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fIIHARRIS 


• 12A, 
350V 
and 
400V 


• rDS(on) 
= O.03Sn 


• SOA 
is Power-Dissipation 
Limited 


• Nanosecond 
Switching 
Speeds 


• Linear 
Transfer 
Characteristics 


• High 
Input 
Impedance 


• Majority 
Carrier 
Device 


• High-Current, 
Low-Inductance 
Package 


Description 


The 
RFH12N35 
and 
RFH12N40 
are 
n-channel 
enhancement-mode 
silicon-gate 
power 
field-effect 
transistors 
designed 
for 
applications 
such 
as 
switching 
regulators, 
switching 
converters, 
motor 
drivers, 
relay drivers, 
and 
drivers 
for 
high-power 
bipolar 
switching 
transistors 
requiring 
high 
speed 
and low gate-drive 
power. 
These types 
can be operated 
directly 
from 
integrated 
circuits. 


The RFH-types 
are supplied 
in the JEDEC 
TO-218AC 
plastic 
package. 


RFH12N35 
RFH12N40 
N-Channel Enhancement-Mode 


Power Field-Effect Transistors 


TO-218AC 
TOP VIEW 


:~~~I:CE 


GATE 


Terminal Diagram 


N-CHANNEL 
ENHANCEMENT MODE 


Absolute 
Maximum 
Ratings 
(TC = +250C), 
Unless 
Otherwise 
Specified 


RFH12N35 


Drain-Source Voltage 
VOSS 


Orain-Gate Voltage (RGS = 1MO) 
VOGR 


Continuous Orain Current 
10 
Pulsed Orain Current 
IOM 
Gate-Source Voltage 
VGS 
Maximum Power Oissipation 
TC = +250C 
Po 
Unear Oerating Factor 
. 


Operating and Storage Temperature 
TJ' TSTG 


150 
1.2 
-55 to +150 


RFH12N40 


400 


400 
12 
24 
±20 


150 
1.2 
-55to 
+150 


UNITS 


V 


V 
A 
A 
V 


W 
W/OC 
oC 


LIMITS 
TEST 
CHARACTERISTIC 
SYMBOL 
CONDITIONS 
RFH12N35 
RFH12N40 
UNITS 


Min. 
Max. 
Min. 
Max. 


Drain-Source 
Breakdown 
BVoss 
10 = 10 mA 
350 
- 
400 
- 
V 


Voltage 
Vas = 0 


Gate Threshold 
Voltage 
Vas(th) 
Vas = Vos 
2 
4 
2 
4 
V 


10 = 1 mA 


Zero Gate Voltage Drain 
loss 
Vos = 280 V 
- 
1 
- 
- 


Current 
Vos = 320 V 
- 
- 
- 
1 


Tc = 125°C 
pA 


Vos = 280 V 
- 
50 
- 
- 


Vos = 320 V 
- 
- 
- 
50 


Gate-Source 
Leakage 
lass 
Vas = ± 20 V 
- 
100 
- 
100 
nA 


Current 
Vos = 0 


Drain-Source 
On Voltage 
Vos(on)a 
10= 6A 
- 
2.28 
- 
2.28 


Vas=10V 
V 
10 = 12 A 
- 
6.75 
- 
6.75 


Vas = 10 V 


Static Drain-Source 
On 
ros(on)a 
10 = 6A 
- 
0.38 
- 
0.38 
0 


Resistance 
Vas = 10 V 


Forward Transconductance 
g,.a 
Vos = 10 V 
4 
- 
4 
- 
mho 


10 = 6A 


Input Capacitance 
C,•• 
Vos = 25 V 
- 
3000 
- 
3000 


Output 
Capacitance 
Co•• 
Vas = 0 V 
- 
900 
- 
900 
pF 


Reverse Transfer 
Capacitance 
C••• 
If = 1MHz 
- 
400 
- 
400 


Turn-On 
Delay Time 
t.(on) 
Voo = 200 V 
30(typ) 
50 
30(typ) 
50 


Rise Time 
t, 
10= 6 A 
105(typ) 
150 
105(typ) 
150 


Turn-Off 
Delay Time 
t.(off) 
R.on= R••=500 
480(typ) 
ns 
750 
480(typ) 
750 


Fall Time 
t, 
Vas=10V 
140(typ) 
200 
140(typ) 
200 


Thermal 
Resistance 
R8Jc 
RFH12N35, 


Junction-to-Case 
RFH12N40 
- 
0.83 
- 
0.83 
°CIW 
Series 


LIMITS 


CHARACTERISTIC 
TEST CONDITIONS 
RFH12N35 
RFH12N40 
UNITS 


Min. 
Max. 
Min. 
Max. 


Diode Forward Voltage 
Vso' 
Iso = 6A 
- 
1.4 
- 
1.4 
V 


Reverse Recovery Time 
t" 
IF= 4A, d'F/d. = 100 AI JlS 
950 (typ.) 
950 (typ.) 
ns 


~ 
...... 
••• u.. 
zen 
zCl 
<::IE 
:I: a:: 
u ••• 
'~ 
ZCl 
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Fig. 3 - Typical normalized gate threshold voltage as a function of 


junction 
temperature 
for all types. 
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Fig. 4 - Normalized 
drain-to-source 
on resistance 
to junction 
temperature 
for all types. 


Fig. 6 - Normalized switching waveforms for constant gate-current. 
Refer to Harris application notes AN-7254 and AN-7260 
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Fig. 8 - Typical drain-to-source 
on resistance 
as a function 
of 
drain current for all types. 
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Fig. 10 - Typical forward transconductance 
as a function 
of drain 


currant for all types. 
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Fig. 9 - Capacitance 
as a function 
of drain-to-source 
voltage for 


all types. 
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• 12A, 350V and 400V 


• rDS(on) = 0.50 


• SOA is Power-Dissipation 
Limited 


• Nanosecond 
Switching 
Speeds 


• Linear Transfer Characteristics 


• High Input Impedance 


• Majority Carrier Device 
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Power Field Effect Transistors 


DRAIN 
SOU~LANGE)o 
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Description 


The RFM12N35 and RFM12N40 n-channel enhancement- 
mode silicon-gate power field-effect transistors designed 
for applications such as switching 
regulators, switching 
converters, motor drivers, relay drivers, and drivers for high- 
power bipolar transistors requiring high speed and low 
gate-drive power. These transistors can be operated direct- 
ly from integrated circuits. 


The RFM types are supplied in the JEDEC TO-204AA 
steel package. 


Terminal Diagram 


N-CHANNEL 
ENHANCEMENT 
MODE 


Drain-Source 
Voltage ........................................•••••....• 
VOSS 


Drain-Gate 
Voltage (RGS= 
1mO) 
.....•••••.....•••••......•.....•...... 
VOGR 
Continuous 
Drain Current 


RMS Continuous 
..............•.......••......•...•....•.•.•••........• 
10 
Pulsed Drain Current ..........•......•••.••...•..••••........•••....... 
IOM 
Gate-Source 
Voltage 
•....................•••........•••.......••.•.••.. 
VGS 
Maximum Power Dissipation 
TC = +250C 
...................•••.•....•••••••.....•.•••••.....••..... 
Po 
Above TC = +250C, Derate Linearly 
...................•.................••. 


Operating 
and Storage Junction 
•••...••••.....•••••••.....••.•.•.•... 
TJ, TSTG 
Temperature 
Range 


RFM12N35 
RFM12N40 
UNITS 


350 
400 
V 
350 
400 
V 


12 
12 
A 


24 
24 
A 
±20 
±20 
V 


150 
150 
W 
1.2 
1.2 
W/oC 
-55 to +150 
-55to+150 
°C 


LIMITS 
TEST 
CHARACTERISTIC 
CONDITIONS 
RFM12N35 
RFM12N40 
UNITS 


Min. 
Max. 
Min. 
Max. 


Drain-Source 
Breakdown 
BVoss 
10= 10 mA 
V 
350 
- 
400 
- 
Voltage 
VGS= 0 


Gate Threshold 
Voltage 
VGs{th) 
VGS= Vos 
2 
4 
2 
4 
V 
10= 1 mA 


Zero-Gate 
Voltage Drain 
loss 
Vos = 280 V 
- 
1 
- 
- 


Current 
Vos = 320 V 
- 
- 
- 
1 


Tc=125°C 
pA 


Vos = 280 V 
- 
50 
- 
- 


Vos = 320 V 
- 
- 
- 
50 


Gate-Source 
Leakage 
IGss 
VGS= ±20 V 
100 
100 
nA 
- 
- 
Current 
Vos = 0 


Drain-Source 
On Voltage 
Vos{on)a 
10= 6 A 
3 
3 
- 
- 
VGs=10V 
V 
10= 12 A 
10 
10 
- 
- 
VGs=10V 


Static Drain-Source 
On 
ros{on)a 
10= 6 A 
- 
0.5 
- 
0.5 
n 
Resistance 
VGs=10V 


Forward Transconductance 
g••a 
Vos=10V 
4 
- 
4 
- 
mho 
10= 6 A 


Input Capacitance 
CiS. 
Vos = 25 V 
- 
3000 
- 
3000 


Output Capacitance 
Co•• 
VGS= 0 V 
- 
900 
- 
900 
pF 


Reverse Transfer Capacitance 
C••• 
f = 1 MHz 
- 
400 
- 
400 


Turn-On 
Delay Time 
to{on) 
Vos = 200 
30{typ) 
50 
30{typ) 
50 


Rise Time 
t, 
10= 6 A 
105{typ) 
150 
105{typ) 
150 


Turn-Off 
Delay Time 
ns 
td{off) 
R•• n=R••=50n 
480{typ) 
750 
480{typ) 
750 


Fall Time 
tf 
VGs=10V 
140{typ) 
200 
140{typ) 
200 


Thermal 
Resistance 
RgJc 
RFM12N35, 


Junction-to-Case 
RFM12N40 
- 
0.83 
- 
0.83 
°C/W 
Series 


LIMITS 


CHARACTERISTIC 
TEST CONDITIONS 
RFM12N35 
RFM12N40 
UNITS 


Min. 
Max. 
Min. 
Max. 


Diode Forward Voltage 
Vso 
Iso = 6 A 
- 
1.4 
- 
1.4 
V 


Reverse Recovery Time 
t, 
IF= 4 A, dIF/d. = 100 Alps 
950 typo 
950 typo 
ns 
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Fig. 3 - Typical normalized gate threshold voltage as a function of 


junction 
temperature 
for all types. 
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Fig. 4 - Normalized 
drain-to-source 
on resistance 
to junction 
temperature 
for all types. 
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Fig. 8 - Typical 
drain-to-source 
on resistance 
as a function 
of 
drain current for a/l types. 
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Fig. 10- Typical forward transconductance 
as a function 
of drain 
for a/l types. 
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Fig. 9 - Capacitance 
as a function of drain-to-source 
voltage for 
a/l types. 
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is Power-Dissipation 
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Speeds 


• Linear 
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Characteristics 


• High 
Input 
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• +1750C 
Operating 
Temperature 


Description 


The 
RFD14N05, 
RFD14N05SM, 
and 
RFP14N05 
n-channel 
power 
MOSFETs 
are 
manufactured 
using 
the 
MegaFET 
process. 
This 
process 
which 
uses 
feature 
sizes 
approaching 
those 
of 
LSI 
integrated 
circuits, 
gives 
optimum 
utilization 
of 
silicon, 
resulting 
in 
outstanding 
performance. 
They 
were 
designed 
for use in applications 
such 
as switching 
regulators, 


switching 
converters, 
motor 
drivers, 
relay 
drivers, 
and 
emitter 
switches 
for 
bipolar 
transistors. 
These 
transistors 
can 
be 
operated 
directly 
from 
integrated 
circuits. 


The 
RFD14N05 
is 
supplied 
in 
the 
JEDEC 
TO-251 
plastic 
package, 
the 
RFD14N05SM 
in the 
JEDEC 
TO-252 
plastic 
package 
and 
the RFP14N05 
in the JEDEC 
TO-220AB 
plastic 
package. 


N-Channel Enhancement Mode Power 


Field Effect Transistors (MegaFETs) 


TO-220AB 
TOP VIEW 


DRAIN~ 
(FLAL~~~~~~~: 
i~~~CE 


SOURCE 


DRAIN 


GATE 


TO-252AA 
TOP VIEW 
[Q; 


SOURCE 


D~~~_ 
DRAIN 


GATE 


Terminal 
Diagram 


N-CHANNEL ENHANCEMENT MODE 


D 


Drain-Source 
Voltage, VDSS' 
50V 


Drain-Gate 
Voltage, (RGS = 1mOl, VDGR 
50V 


Gate-Source 
Voltage, VGS 
........................................................................................•... 
±20V 


Drain Current 


RMS Continuous, 
ID 
14A 


Pulsed, IDM 
35A 


Single Pulse Avalanche 
Energy Rating, (Refer to UIS SOA Curve) 
Power Dissipation, 
PD: 


TC = +250C 
48W 


Derate Above TC = +250C 
........................................•...............•............................. 
O.32WfOC 


Operating 
and Storage Junction 
Temperature 
Range,TJ, 
TSTG .....................................................................•............ 
-55 to +1750C 


LIMITS 
CHARACTERISTIC 
TEST CONDITIONS 
MIN. 
MAX. 
UNITS 


Drain-Source 
Breakdown 
Voltage 
BVoss 
10 = 0.25 mA, VGS= 0 V 
50 
- 


Gate-Threshold 
Voltage 
VGs(th) 
VGS= Vos, 10 = 0.25 mA 
2 
4 
V 


Zero-Gate 
Voltage 
Drain 
Current 
loss 


Vos=40V, 
VGs=OV 
1 
p.A 
- 


Tc = 150°C 
50 


Gate-Source 
Leakage 
Current 
IGss 
VGS= ±20 
V 
- 
100 
nA 


Static 
Drain-Source 
On-Resistance 
ros(on) 
10= 
14A, 
VGs= 
10V 
- 
0.1 
0 


Turn-On 
Time 
t(on) 
- 
60 


Turn-On 
Delay 
Time 
t,,(on) 
Voo = 25 V, 10 = 7 A 
- 
14 (tyP.) 


Rise Time 
t, 
Ig, = Ig2= 0.2 A 
- 
26 (tyP.) 


Turn-Off 
Delay 
Time 
t,,(off) 
VGS (clamp) + 10 V, - 0.6 V 
45 (typ.) 
ns 
- 


Fall Time 
tf 
Rl = 3.57 0 
- 
17 (typ.) 


Turn-Off 
Time 
t(off) 
- 
100 


Total 
Gate 
Charae 
Oo(total) 
Voo = 40 V 
VGS= 0-20 V 
- 
40 


Gate 
Charge 
at 10 V 
Og(10) 
10= 
14A 
VGS= 0-10 V 
- 
25 
nC 


Threshold 
Gate 
Charge 
Oo(th) 
Rl = 2.86 0 
VGS= 0-2 V 
- 
1.5 


Plateau 
Voltage 
V(plateau) 
10= 
14A, 
Vos = 15 V 
- 
7.5 
V 


Voo = 25 V, 10 = 7 A, 
L = O.2flH 


Turn-Off 
Energy 
Loss 
per Cycle 
Eon 
Rl = 3.57 0, Ig, = Ig2 = 0.2 A 
- 
14 
p.J 


VGS (clamp) + 10 V, -<l.6 V 


Thermal 
Resistance, 
Junction-to-Case 
R8JC 
- 
3.125 


Thermal 
Resistance. 
Junction-to-Ambient 
R8JA 
TO-251 
& TO-252 
- 
100 
°CIW 


TO-220 
- 
80 


LIMITS 
CHARACTERISTIC 
TEST CONDITIONS 
MIN. 
MAX. 
UNITS 


Diode 
Forward 
Voltage 
Vso 
Iso=14A 
- 
1.5 
V 
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t. 
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- 
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ns 
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m HARRIS 
RFM15N05/15N06 
RFP15N05/15N06 
N-Channel Enhancement Mode 
Power Field Effect Transistors 


Features 


• 15A, 
50V 
and 
60V 


• rDS(on) 
= 0.140 


• SOA 
is Power-Dissipation 
Limited 


• Nanosecond 
Switching 
Speeds 


• Linear 
Transfer 
Characteristics 


• High 
Input 
Impedance 


• Majority 
Carrier 
Device 


• Temperature 
Compensated 
SPICE 
Model 
Provided 
Description 


The RFM15N05 
and 
RFM15N06 
and the RFP15N05 
and 
RFP15N06 
are n-channel 
enhancement-mode 
silicon-gate 
power 
field-effect 
transistors 
designed 
for 
applications 
such 
as switching 
regulators, 
switching 
converters, 
motor 
drivers, 
relay 
drivers, 
and 
drivers 
for 
high-power 
bipolar 
switching 
transistors 
requiring 
high 
speed 
and 
low 
gate-drive 
power. 
These 
types 
can 
be operated 
directly 


from 
integrated 
circuits. 


The 
RFM 
series 
types 
are 
supplied 
in 
the 
JEDEC 
TO-204AA 
steel package 
and the RFP series 
types 
in the 
TO-220AB 
plastic 
package. 


TO-204M 
BOnOMVIEW 


DRAIN 
SOU~LANGE)o 
GATE 


DRAIN 
~ 


(FLAL:eLJ=::~~:~:: 
~~~CE 


Terminal Diagram 


N-CHANNEL 
ENHANCEMENT 
MODE 


Absolute 
Maximum 
Ratings 
(TC = 250C), 
Unless 
Otherwise 
Specified 


RFM15N05 
RFM15N06 
RFP15N05 
RFP15N06 
UNITS 


Drain-Source Voltage ....................... 
VOSS 
50 
60 
50 
60 
V 
Drain-Gate Voltage (RGS = 1mOl· 
........... 
VDGR 
50 
60 
50 
60 
V 
Continuous Drain Current 


RMS Continuous ............................ 
10 
15 
15 
15 
15 
A 
Pulsed Drain Current. ....................... 
IDM 
40 
40 
40 
40 
A 


Gate-Source Voltage ........................ 
VGS 
±20 
±20 
±20 
±20 
V 


Maximum Power Dissipation 
TC = +250C ................................ 
Po 
90 
90 
90 
90 
W 
Above TC = +250C, Derate Linearly ............. 
0.48 
0.48 
0.48 
0.48 
WloC 
Operating and Siorage Junclion ... " ...... 
TJ, TSTG 
-5510 +150 
-5510+150 
-5510+150 
-55to+150 
°C 
Temperature Range 


•• 
..• ~ 
w ••• 
zU' 
zQ 
<:E 
2: a: 
Uw 


I~ 
ZQ 
Q. 


R~IIA 1~lIln~ 
R~M1Ellln 
~c'bfl~IWd'N~~DrD"~.'''~ 
"' .."~ 
RFP15N05 
RFP15N06 
Min. 
Max. 
Min. 
Max. 


Drain-Source 
Breakdown 
Voltage 
BVoss 
10-1 mA 
50 
- 
60 
V 


VGs=O 


Gate-Threshold 
Voltage 
VGs(th) 
VGS-VOS 
2 
4 
2 
4 
V 


10='1 mA 


Zero-Gate 
Voltage 
Drain 
Current 
loss 
Vos-40 
V 
1 


Vos=50 
V 
- 
- 
- 
1 


Tc=125°C 
JJ.A 


Vos=40 
V 
- 
50 
- 
- 


Vos=50 
V 
- 
- 
- 
50 


Gate-Source 
Leakage 
Current 
IGss 
VGs-±20 
V 
100 
100 
nA 


Vos=O 


Drain-Source 
On Voltage 
Vos(on)8 
10=7.5 A 
- 
1,05 
- 
1.05 


VGs=10 V 
V 


10=15 A 
- 
2,5 
- 
2,5 


VGs=10 V 


Static 
Drain-Source 
On Resistance 
ros(on)8 
10-7.5 
A 
- 
0.14 
- 
0.14 
n 


VGs=10 V 


Forward 
Transconductance 
9t58 
Vos=10 
V 
2 
- 
2 
- 
mho 


10=7.5 A 


Input 
Capacitance 
CISS 
Vos=25 
V 
- 
850 
- 
850 


Output 
Capacitance 
Coss 
VGS';O V 
- 
450 
- 
450 
pF 


Reverse-Transfer 
Capacitance 
erss 
f = 1MHz 
- 
180 
- 
180 


Turn-On 
Delay 
Time 
td(on) 
Voo=30 V 
16(typ) 
40 
16(typ) 
40 


Rise Time 
t, 
10=7.5 A 
OO(typ) 
175 
OO(typ) 
175 


Turn-Off 
Delay 
Time 
td(off) 
Rgen=Rg,=50 
n 
72(typ) 
175 
72(typ) 
175 
ns 


Fall Time 
tf 
VGs=10 V 
66(typ) 
140 
66(typ) 
140 


Thermal 
Resistance 
Junction-to-Case 
R/JJc 
RFM15N05, 
1.67 
1.67 
- 
- 
RFM15N06 


°C/W 
RFP15N05, 


RFP15N06 
- 
1.67 
- 
1.67 


LIMITS 


CHARACTERISTIC 
SYMBOL 
TEST 
RFM15N05 
.RFM15N06 
UNITS 
CONDITIONS 
RFP15N05 
RFP15N06 
MIN. 
I 
MAX. 
MIN. 
I 
MAX. 


Diode 
Forward 
Voltage 
Vso 
ISD = 15A 
- 
I 
1.4 
- 
I 
1.4 
V 


Reverse 
Recovery 
Time 
tn 
1.=4 A 
100 (typ) 
100(typ) 
ns 
dlF/d,=100 
Alf../S 
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ORAIN TO SOURCE VOLTRGE (VOs)-V 


FIGURE 1. NORMALIZED SWITCHING WAVEFORMS 
FIGURE 2. TYPICAL SATURATION CHARACTERISTICS 
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FIGURE 7. TYPICAL TRANSFER CHARACTERISTICS 
FIGURE 8. rCS(ON) vs CRAIN CURRENT 
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.SUBCKTAFM15N06 
2 
1 
3; 
rev01/07/91 
"Nominal Temperature= 250C 
.MODELMOSMODNMOS(VTO=3.46 
KP=3.09 
IS=Ie-30 
N=10 
TOS=l 
L=lu 
W=lu) 
Vto 
21 
6 
.74 
Asource 
8 
7 
ADSMOD 
34.82e-3 
Adrain 
5 
16 
ADSMOD 
13.3e-3 


.MODELADSMODAES(TCI=6.5e-3 
TC2=3.28e-5) 
.MODELAVTOMODAES(TCI=-4.30e-3 
TC2=-3.77e-6) 
.MODELAVTOMOD2AES(TCI=O TC2=0) 
Ebreak 
11 
7 
17 
18 
102.35 
.MODELABKMOD AES(TCI=8.33e-1 
TAS1=7.81e-4 
TAS2=-9.28e-6) 


.MODELDBKMODD (AS=3.83e-1 
TAS1=7.81e-4 
TAS2=-9.28e-6) 
.MODELDBDMODD(lS=8.16e-13 
AS=1.54e-2 
TAS1=1.77e-3 
TRS2=1.85e-5) 
+CJO=9.16e-10 
TT=7e-8 
Cin 
6 
8 
4.44e-10 
Ca 
12 
8 
9.14e-10 


.MODELS1AMODVSWITCH(AON=1e-5 
AOFF=O.l 
VON=-3.66 
VOFF=-1.66) 


.MODELSl BMODVSWITCH(AON=l e-5 
AOFF=O.l 
VON=-1.66 
VOFF=-3.66) 


.MODELDPLCAPMODD (CJO=4.90e-10 
IS=le-30 
N=10) 
Cb 
12 
14 
5.81e-10 
.MODELS2AMODVSWITCH(AON=le-5 
AOFF=O.l 
VON=3.07 
VOFF=8.07) 


.MODELS2BMODVSWITCH(AON=le-5 
AOFF=O.l 
VON8.07 
VOFF=3.07) 
Agate 
9 
20 
20.43 
Lgate 
1 
9 
1.32e-8 
Ldrain 
2 
5 
1.0e-10 
Lsource 
3 
7 
1.68e-8 
Dbody 
7 
5 
DBDMOD 
Dbreak 
5 
11 
DBKMOD 
Dplcap 
10 
5 
DPLCAPMOD 
Eds 
14 
8 
5 
8 
1 
Egs 
13 
8 
6 
8 
1 
Esg 
6 
10 
6 
8 
1 
Evlo 
20 
6 
18 
8 
1 
It 
8 
17 
1 
Mas 
16 
6 
8 
8 
MOSMOD 
M=O.99 
MOS2 
16 
21 
8 
8 
MOSMOD 
M=O.Ol 
Abreak 
17 
18 
ABKMOD 
1 
Ain 
6 
8 
1e9 
Avlo 
18 
19 
AVTOMOD 
1 
Sia 
6 
12 
13 
8 
SlAMOD 
Sib 
13 
12 
13 
8 
SlBMOD 
S2a 
6 
15 
14 
13 
S2AMOD 
S2b 
13 
15 
14 
13 
S2BMOD 
Vbat 
8 
19 
DC 
1 


.ENDS 
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zen 
zQ 
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:Z:a: 
u ••.• 
'~ 
zQ 
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rcr:O-l 
l~~bL .• lS2b ~.1 
Co 
Cb 


.SUBCKTRFM15N06 
2 
1 
3; 
rev01/07/91 
"Nominal Temperature= 250C 
.MODELMOSMODNMOS(VTO=3.46 
KP=3.09 
IS=le-30 
N=10 
TOS=l 
L=lu 
W=lu) 
Vto 
21 
6 
.74 
Rsource 
8 
7 
RDSMOD 34.82e-3 
Rdrain 
5 
16 
RDSMOD 
13.3e-3 


.MODELRDSMODRES(TCI=6.5e-3 
TC2=3.28e--5) 


.MODELRVTOMODRES(TCI=-4.30e-3 
TC2=-3.77e-6) 


.MODELRVTOMOD2RES(TCI=O TC2=0) 
Ebreak 
11 
7 
17 
18 
102.35 
.MODELRBKMODRES(TCI=8.33e-1 
TRS1=7.81e-4 
TRS2=-9.28e--6) 
.MODELDBKMOD0 (RS=3.83e-1 
TRS1=7.81e-4 
TRS2=-9.28e-6) 


.MODELDBDMODD(IS=8.16e-13 
RS=1.54e-2 
TRS1=1.77e-3 
TRS2=1.85e-5+CJO=9.16e-10 
TT=7e-8) 
Cin 
6 
8 
4.44e-10 
Ca 
12 
8 
9.14e-10 


.MODELS1AMODVSWITCH(RON=le-5 
ROFF=O.l 
VON=-3.66 
VOFF=-1.66) 


.MODELSl BMODVSWITCH(RON=le-5 
ROFF=O.l 
VON=-1.66 
VOFF=-3.66) 


.MODELDPLCAPMOD0 (CJO=4.90e-10 
IS=le-30 
N=10) 
Cb 
12 
14 
5.81e-10 
.MODELS2AMODVSWITCH(RON=le-5 
ROFF=O.l 
VON=3.07 
VOFF=8.07) 


.MODELS2BMODVSWITCH(RON=le-5 
ROFF=O.l 
VON=8.07 
VOFF=3.07) 
Rgate 
9 
20 
20.43 
Lgate 
1 
9 
1.32e-8 
Ldrain 
2 
5 
1.0e-10 
Lsource 
3 
7 
1.68e-8 
Dbody 
7 
5 
DBDMOD 
Dbreak 
5 
11 
DBKMOD 
Dplcap 
10 
5 
DPLCAPMOD 
Eds 
14 
8 
5 
8 
1 
Egs 
13 
8 
6 
8 
1 
Esg 
6 
10 
6 
8 
1 
Ev!o 
20 
6 
18 
8 
1 
It 
8 
17 
1 
Mos 
16 
6 
8 
8 
MOSMOD 
M=0.99 
MOS2 
16 
21 
8 
8 
MOSMOD 
M=O.Ol 
Rbreak 
17 
18 
RBKMOD 
1 
Rin 
6 
8 
1e9 
Rv!o 
18 
19 
RVTOMOD 1 
Sia 
6 
12 
13 
8 
SlAMOD 
Sib 
13 
12 
13 
8 
SlBMOD 
S2a 
6 
15 
14 
13 
S2AMOD 
S2b 
13 
15 
14 
13 
S2BMOD 
Vbat 
8 
19 
DC 
1 


.ENDS 


mlHARRIS 
RFM15N12/15N15 
RFP15N12/15N15 
N-Channel Enhancement-Mode 


Power Field-Effect Transistors 


• 15A, 
120V 
and 
150V 


• rDS(on) 
= 0.150 


• SOA 
is Power-Dissipation 
Limited 


• Nanosecond 
Switching 
Speeds 


• Linear 
Transfer 
Characteristics 


• High 
Input 
Impedance 


• Majority 
Carrier 
Device 


DRAIN 


SOU~LANGE)o 
GATE 


Description 


The 
RFM15N12 
and 
RFM15N15 
and 
the 
RFP15N12 
and 
RFP15N 
15 are n-channel 
enhancement-mode 
silicon 
gate 
power 
field-effect 
transistors 
designed 
for 
applications 
such 
as switching 
regulators, 
switching 
converters, 
motor 
drivers, 
relay 
drivers, 
and 
drivers 
for 
high-power 
bipolar 
switching 
transistors 
requiring 
high 
speed 
and 
low 
gate- 
drive 
power. 
These 
types 
can 
be 
operated 
directly 
from 


integrated 
circuits. 


The 
RFM 
series 
types 
are 
supplied 
in 
the 
JEDEC 
TO-204AA 
steel 
package 
and 
the 
RFP 
series 
types 
in the 
JEDEC 
TO-220AB 
plastic 
package. 


Terminal 
Diagram 


N-CHANNEL 
ENHANCEMENT 
MODE 


RFM15N12 
RFM15N15 
RFP15N12 
RFP15N15 


Drain-Source 
Voltage 
....................... 
VOSS 
120 
150 
120 
150 
Drain-Gate 
Voltage (RGS = 1mO) ............ 
VDGR 
120 
150 
120 
150 
Continuous 
Drain Current 
RMS Continuous 
............................ 
10 
15 
15 
15 
15 
Pulsed Drain Current. 
....................... 
10M 
40 
40 
40 
40 
Gate-Source 
Voltage 
........................ 
VGS 
±20 
±20 
±20 
±20 
Maximum Power Dissipation 
TC = +250C 
................................ 
Po 
100 
100 
75 
75 
Above TC = +250C, Derate Linearly ............. 
0.8 
0.8 
0.6 
0.6 
Operating 
and Storage Junction 
........... 
TJ. TSTG 
-55 to +150 
-55to 
+150 
-55to 
+150 
-55to+150 
Temperature 
Range 


UNITS 


V 
V 


W 
WfOC 
oC 


{!! 
-- .., 
.., ... 
zU' 
zC 
clE 
:Z:a:: 
u.., 
'~ 
Zc 
a. 


1'1 "I.~."I. 
nrlft'~'''''~ 
TEST 
RFP15N12 
RFP15N15 


CHARACTERISTICS 
SYMBOL 
CONDITIONS 
MIN. 
MAX. 
MIN. 
MAX. 
UNITS 


Drain-Source 
Breakdown 
Voltage 
BVoss 
10 = 1 mA 
120 
150 
V 
- 
- 
Vas = 0 


Gate Threshold 
Voltage 
VaSll"1 
Vas = Vos 
2 
4 
2 
4 
V 
10 = 1 mA 


Vos = 100 V 
- 
1 
- 
- 


Vos=120V 
- 
- 
- 
1 
Zero Gate Voltage 
Drain Current 
loss 
Tc = 125°C 
IJA 


Vos = 100 V 
- 
50 
- 
- 


Vos = 120 V 
- 
- 
- 
50 


Gate-Source 
Leakage Current 
lass 
Vas = ± 20 V 
100 
100 
nA 
- 
- 
Vos = 0 


10 = 7.5 A 
1.125 
1.125 
- 
- 
Drain-Source 
On Voltage 
Vos(on)· 
Vas = 10 V 
V 
10 = 15 A 
- 
3 
- 
3 
Vas = 10 V 


Static Drain-Source 
On Resistance 
ros(on)· 
10 = 7.5 A 
0.15 
0.15 
n 
- 
- 
Vas = 10 V 


Forward Transconductance 
gf: 
Vos = 10 V 
5 
5 
mho 
- 
- 
10 = 7.5 A 


Input Capacitance 
Ciss 
Vos = 25 V 
- 
1700 
- 
1700 
Output 
Capacitance 
Co•• 
Vas = 0 V 
- 
750 
- 
750 
pF 


Reverse Transfer 
Capacitance 
C••• 
f = 1MHz 
- 
350 
- 
350 
Turn-On 
Delay Time 
t.(on) 
Voo-75 V 
50(typ.) 
75 
50(typ.) 
75 
Rise Time 
t, 
io = 7.5 A 
150(typ.) 
225 
150(typ.) 
225 
ns 
Turn-Off 
Delay Time 
t.(off) 
R.en = R•• = 50 n 
185(typ.) 
280 
185(typ.) 
280 
Fall Time 
tf 
Vas = 10 V 
125(typ.) 
190 
125(typ.) 
190 


RFM15N12. 
1.25 
1.25 
Thermal 
Resistance 
- 
- 
RFM15N15 
Junction-to-Case 
R8JC 
RFP15N12. 
°CIW 


- 
1.67 
- 
1.67 
RFP15N15 


LIMITS 


CHARACTERISTIC 
SYMBOL 
TEST 
RFM15N12 
RFM15N15 
UNITS 
CONDITIONS 
RFP15N12 
RFP15N15 
MIN. 
I 
MAX. 
MIN. 
I 
MAX. 
Diode Forward VoltaQe 
Vso 
Iso=7.5A 
- 
I 
1.4 
- 
I 
1.4 
V 


Reverse Recovery Time 
tn 
IF=4A 
200(typ) 
200(typ) 
ns 
dIF/d,=100 A/JJS 


S8 
681202 
68 
10 
150 
1000 


ORAIN 
-TO-SOURCE 
VOLTAGE 
(VOS) 
- 
V 


92CM-36155Rl 


50 
100 
150 
CASE TEMPERATURE 
(TC 1 _·C 


92CS-~I!>4 


Fig. 3 - 
Typical normalized gate threshold voltage as a function 
of junction 
temperature 
for all types. 
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Fig. 4 - Normalized drain-to-source 
on resistance to junction 
tem- 
perature for all types. 
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Fig. 8 - Typical 
drain-to-source 
on resistance 
as a function 
of 
drain current for a/l types. 


Fig. 10- Typical forward transconductance 
as a function of 
drain current for a/l types. 
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mHARRIS 
RFD16N05 


RFD16N05SM 
N-Channel Enhancement Mode Power 


Field Effect Transistors (MegaFETs) 


Features 


• 16A, 50V 


• rDS(on) = 0.047 n 


• UIS SOA Rating Curve (Single Pulse) 


• SOA is Power-Dissipation 
Limited 


• Nanosecond 
Switching 
Speeds 


• Linear Transfer 
Characteristics 
r1D~ :SDOR~.RNCE 


D~~~-W 
~:::~:~ 
-==_ -==_ -==_ -==_: GA~E 


• High Input Impedance 


• +1750C 
Operating 
Temperature 


Description 


The 
RFD16N05 
and 
RFD16N05SM 
n-channel 
power 
MOSFETs are manufactured using the MegaFET process. 
This process, which uses feature sizes approaching those 
of LSI integrated 
circuits, 
gives optimum 
utilization 
of 
silicon, resulting in outstanding performance. They were 
designed 
for 
use 
in 
applications 
such 
as 
switching 
regulators, 
switching 
converters, 
motor 
drivers, 
relay 
drivers, and emitter switches for bipolar transistors. These 
transistors can be operated directly from integrated circuits. 


The RFD16N05 
is supplied 
in the JEDEC TO-251M 
plastic package and the RFD16N05SM in the TO-252M 
plastic package. 


[[E 


SOURCE 


D~~~_ 
DRAIN 


GATE 


Terminal Diagram 
N-CHANNELENHANCEMENTMODE 


Absolute 
Maximum Ratings 
(TC = 250C), Unless Otherwise Specified 


Drain-SourceVoltage,VOSS 
50V 


Drain-GateVoltage,(RGS= 1mOl,VDGR 
50V 


Gate-SourceVoltage,VGS 
±20V 


DrainCurrent 


RMSContinuous,10 
16A 


Pulsed,10M' 
45A 
SinglePulseAvalancheRating,Referto UISSOA 
PowerDissipation,PO: 
TC= +250C 
72W 


DerateAboveTC= +250C 
O.48WPC 


Operatingand StorageJunction 
TemperatureRange,TJ,TSTG 
-55 to +1750C 


~ 
...•..... 
......•. 
z'" 
zO 
c:E 
:Z:a:: 
u •.•.• 
'3: 
zo 
CI. 


LIMITS 
CHARACTERISTIC 
TEST CONDITIONS 
MIN. 
MAX. 
UNITS 


Drain-Source 
Breakdown VoltaQe 
BVoss 
10 = 0.25 mA, Vas = 0 V 
50 
- 
V 
Gate Threshold Voltaae 
Vas(th) 
Vas - Vos, 10 - 
0.25 mA 
2 
4 


Vos = 40 V, Vas - 0 V 
1 
JlA 
Zero Gate Voltage Drain Current 
loss 
- 
Tc = 150°C 
50 
Gate-Source LeakaQe Current 
IGSS 
Vas = ±20 V, Vos = 0 V 
- 
100 
nA 
Static Drain-Source On Resistance 
ros(on) 
10= 
16A, Vas = 10V 
- 
0.047 
() 


Turn-On Time 
t(on) 
- 
60 
Turn-On Delav Time 
r 
t.,(on) 
Voo = 25 V, 10 = 8 A 
- 
14 :typ. 


Rise Time 
t, 
1., = 102 = 0.4 A 
- 
30 :typ. 
Turn-Off 
Delay Time 
t.,(off) 
Vas (clamp) + 10 V, - 0.6 V 
52 :typ. 
ns 
- 
Fall Time 
t, 
RL=3.125(} 
- 
16 :typ. 


Turn-Off Time 
t(off) 
- 
100 
Total Gate Charae 
O.(total) 
Vas - 0-20 V 
Voo - 40V 
- 
80 
Gate Charae at 10 V 
0.(10) 
Vas = 0-10 V 
10 = 16A 
- 
45 
nC 
Threshold Gate Charoe 
O.(th) 
VGS= 0-2 V 
RL= 2.5 () 
- 
3 
Plateau Voltaoe 
V(plateau) 
10 = 16 A, Vos = 15 V 
- 
7.5 
V 
Voo = 25 V, 10 = 8A, RL= 3.125 () 
Turn-Off 
Energy Loss per Cycle 
Eon 
L = 0.2 JlH, 1., = 102= 0.4 A 
- 
19 
JlJ 
Vas (clamp) + 10 V, -{).6 V 
Thermal Resistance, Junction to Case 
R8x: 
- 
2.083 
°CIW 
Thermal Resistance, Junction to Ambient 
R8JA 
- 
100 


LIMITS 
CHARACTERISTIC 
TEST CONDITIONS 
MIN. 
MAX. 
UNITS 


Diode Forward Voltaoe 
Vso 
Iso -16 
A 
- 
1.5 
V 
Reverse Recoverv Time 
t" 
IF- 16 A, dIF/d. = 100 AlJlS 
- 
125 
ns 


CASE 
TEHPERATURE 
(To)-ZSd 
•• C 
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Fig. 1 • Safe operating 
area curve. (Curves must be deret&d 
linearly with increase in temperature.) 


zo 
., 
16 
0..~ 


.., 
lZ 


•... 
ffi 
'"~ 
z 
~ 


~ \\ 
\ 


~ 


~ 
"- "" ~ 
'~ 


~ 


I.Z 


'"w 
1.0 
::;e,~ 
i! 0.8 


~ 


0.6 
.. 
~ 0.4 
0 
::i~ O.Z 
.. 


Fig. 3 - Normalized 
power dissipation 
vs. temperature 
derating curve. 
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Fig 6 - Normalized 
R••(on) vs. junction 
temperature. 
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Fig. 8 - Normalized 
drain source breakdown 
voltage vs. 


temperature. 
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Fig_ 10 - Normalized 
switching 
waveforms 
for constant 
gate-current. 


Refer to Harris application 
notes AN-7254 
and AN-7260. 
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mlHARRIS 


• 18A, 80V and 100V 


• rDS(on) = 0.10 


• SOA is Power-Dissipation 
Limited 


• Nanosecond Switching Speeds 


• Linear Transfer Characteristics 


• High Input Impedance 


• Majority Carrier Device 


RFM18N08/18N10 
RFP18N08/18N10 
N-Channel 
Enhancement-Mode 
Power Field-Effect 
Transistors 


Description 


The RFM18N08 and RFM18N10 and the RFP18N08 and 
RFP18N10are n-channel enhancement-modesilicon gate 
power field-effect transistors designed for applications 
such as switching regulators, switching converters, motor 
drivers, relay drivers, and drivers for high-power bipolar 
switching transistors requiring high speed and low gate- 
drive power. These types can be operated directly from 
integrated circuits. 


The RFM series types 
are 
supplied 
in 
the JEDEC 
TO-204AA steel package and the RFP series types in the 
JEDEC TO-220AB plastic package. 


DRAIN 
SOU~LANGE)o 
GATE 


DRAIN~ 
(FLA~GE) 0 
~=~: 
~~I~CE 
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-~==>-GATE 


Terminal Diagram 


N-CHANNEL 
ENHANCEMENT 
MODE 


Drain-Source Voltage ......••.....•........• 
VOSS 
Drain-Gate Voltage (RGS = 1mOl ..•.......•. 
VDGR 
Continuous Drain Current 
RMSContinuous 
..•.................•....... 
10 
Pulsed Drain Current. ................•....•. 
IDM 
Gate-Source Voltage 
VGS 


Maximum Power Dissipation 
TC = +250C ....................••....•..... 
Po 
Above TC = +250C, Derate Linearly 
. 


Operating and Storage Junction 
TJ, TSTG 
Temperature Range 


RFM18N08 
RFM18N10 


80 
100 
80 
100 


18 
18 
45 
45 
±20 
±20 


100 
100 
0.8 
0.8 
-55to+150 
-55to+150 


RFP18N08 


80 
80 


75 
0.6 
-55to+150 


75 
0.6 
-55to 
+150 


UNITS 


V 
V 


W 
W/oC 
°C 


{!!. 
....... 
•... .... 
z." 
zc> 
<::E 
:%:a: 
u ..•. 
'~ 
Zc> 
D.. 


LIMITS 


RFM18N08 
RFM18N10 


TEST 
RFP18N08 
RFP18N10 


CHARACTERISTICS 
SYMBOL 
CONDITIONS 
MIN. 
MAX. 
MIN. 
MAX. 
UNITS 


Drain-Source 
Breakdown 
Voltage 
BVoss 
10 = 1 mA 
80 
100 
V 
- 
- 
VGS= 0 


Gate Threshold 
Voltage 
VGSlthl 


VGS= Vos 
2 
4 
2 
4 
V 


10 = 1 mA 


Vos = 65 V 
- 
1 
- 
- 


Vos = 80 V 
- 
- 
- 
1 
Zero Gate Voltage 
Drain Current 
loss 
Tc = 125°C 
JJA 


Vos = 65 V 
- 
50 
- 
- 


Vos = 80 V 
- 
- 
- 
50 


Gate-Source 
Leakage Current 
IGSS 


VGS= ± 20 V 
100 
100 
nA 
- 
- 
Vos = 0 


10 =9 
A 
0.9 
0.9 
- 
- 


Drain-Source 
On Voltage 
Vos(on)· 
VGS= 10 V 
V 


10 - 
18 A 
- 
3.0 
- 
3.0 
VGS= 10 V 


Static Drain-Source 
On Resistance 
ros(on)· 
10 = 9 A 
0.10 
n 
- 
- 
0.10 
VGS= 10 V 


Forward Transconductance 
QfS8 
Vos=10V 
5 
5 
mho 
- 
- 
10 = 9 A 


Input Capacitance 
Cias 
Vos = 25 V 
- 
1700 
- 
1700 
Output 
Capacitance 
Coss 
VGS= 0 V 
- 
750 
- 
750 
pF 


Reverse Transfer 
Capacitance 
C••• 
f = lMHz 
- 
300 
- 
300 
Turn-On 
Delay Time 
td(on) 
Voo=50 V 
60(typ.) 
90 
60(typ.) 
90 
Rise Time 
t, 
10 =9 
A 
3OO(typ.) 
450 
300(typ.) 
450 
ns 


Turn-Off 
Delay Time 
. 
td(off) 
Rg•n = Rgs = 50 n 150(typ.) 
225 
150(typ.) 
225 
Fall Time 
tf 
VGs=10V 
150(typ.) 
225 
150(typ.) 
225 


RFM18N08, 
1.25 
1.25 
Thermal 
Resistance 
- 
- 
R8JC 
RFM18Nl0 
Junction-to-Case 
RFP18N08, 
°CIW 


- 
1.67 
- 
1.67 
RFP18Nl0 


LIMITS 


CHARACTERISTIC 
SYMBOL 
TEST 
RFM18N08 
RFP18N08 
UNITS 
CONDITIONS 
RFM18N10 
RFP18N10 
MIN. I 
MAX. 
MIN. 
I 
MAX. 
Diode Forward Voltage 
Vso 
Iso=9A 
- 
I 
1.4 
- 
I 
1.4 
V 


Reverse Recovery Time 
tn 
IF=4A 
150(typ) 
150(typ) 
ns 
d1f/d,=100 AlJJ5 
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Fig. 2 - 
Power dissipation 
vs. case temperature 
derating curve 


for all types. 
Fig. 3 - 
Typical normalized gate threshold voltage as a function 
of junction 
temperature 
for all types. 
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Fig. 4 - Normalized drain-to-source 
on resistance to junction 
tem- 
perature for all types. 
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Fig. 8 - Typical drain-to-source 
on resistance as a function 
of 
drain current for all types. 
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Fig. 10 - 
Typical forward transconductance 
as a function of drain 


current for all types. 
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mHARRIS 
RFP22N10 


N-Channel Enhancement-Mode 


Power Field-Effect Transistors (MegaFETs) 


• 22A, 100V 


• rDS(on) = 0.080n 


• UIS SOA Rating Curve (Single Pulse) 


• SOA is Power-Dissipation 
Limited 


• Nanosecond Switching Speeds 


• Linear Transfer Characteristics 


• High Input Impedance 


• 1750C Operating Temperature 


Description 


The RFP22N10 n-channel power MOSFETsis manufacturedusing 
the MegaFET process. This process, which uses feature sizes 
approaching those 
of 
LSI integrated circuits, gives optimum 
utilization of silicon, resulting in outstanding performance. The 
RFP22N10 was designed for use in applications such as switching 
regulators, switching converters, motor drivers, relay drivers, and 
emitter switches for bipolar transistors. This transistor can be 
operated directly from integrated circuits. 


The RFP22N10 is supplied in the JEDEC TO-220AB 
plastic 
package. 


TO-220AB 
TOP VIEW 


Terminal Diagram 


N-CHANNEL 
ENHANCEMENT MODE 


Drain-Source 
Voltage .•....••.....••.....•••..........•••...... 
VOSS 
Drain-Gate 
Voltage (RGS = 1MOl· 
..........••..........•••••.•. 
VDGR 
Continuous 
Drain Current. 
............•••.....•••........•••••..... 
10 
Pulsed Drain Current. 
.........•••....•••.......•..............•.• 
10M 
Gate-Source 
Voltage 
..........................•......•...•••••• 
VGS 


Maximum Power Dissipation 
TC = +250C 
••..........................................•....•. 
Po 
Derated Above Tc = 250C •...........••........................... 


Operating 
and Storage Junction Temperature 
Range ..•••••••... 
TJ' TSTG 
Single Pulse Avalanche 
Rating, Refer to UIS SOA Curve 


RFP22N10 


100 
100 
22 
50 
±20 


100 
0.67 
-55to+175 


UNITS 


V 
V 
A 
A 
V 


W 


WPC 
°C 


{!! 
....... 
....... 
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zC 
ce:IE 
:%:a: 
u ••.• 
':1: 
Zc 
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TEST CONDITIONS 
LIMITS 
CHARACTERISTIC 
MIN. 
MAX. 
UNITS 


Drain-Source 
Breakdown 
Voltage 
BVoss 
10=0.25mA, Vos-O V 
100 
- 
V 
Gate-Threshold 
Voltage 
Vos(th) 
Vos=Vos, 10=0.25mA 
2 
4 
Vos-80 V, Vos=OV 
1 
pA 
Zero-Gate 
Voltage Drain Current 
loss 
- 
Tc=150°C 
50 
Gate-Source 
Leakage Current 
loss 
Vos-±20 
V, Vos=OV 
- 
100 
nA 
Static Drain-Source 
On Resistance 
ros(on) 
10=22A, Vos-10 V 
- 
0.080 
n 
Turn-On 
Time 
t(on) 
- 
60 
Turn-On 
Delay Time 
to(on) 
Voo=50 V, 10=11A 
13 (typ.) 
- 
Rise Time 
t, 
1.,=1.2=0.6 A 
24 (typ.) 
- 
Vos (clamp): +10 V, -0.6 V 
65 (typ.) 
ns 
Turn-Off 
Delay Time 
, 
to(off) 
- 
Fall Time 
- 
tt 
Rl=4.55 n 
18 (typ.) 
- 
Turn-Off 
Time 
t(off) 
(See Fig. 12) 
- 
120 
Total Gate Charge 
O.(total) 
Vos-O to 20V 
Voo=80 V 
- 
150 
Gate Charge at 10 V 
0.(10) 
Vos=Oto 10V 
10=22A 
- 
75 
nC 
Threshold 
Gate Charge 
O.lth) 
Vos=Oto 2V 
Rl=3.64 n 
- 
3.5 
Plateau Voltage 
V(plateau) 
10=22A, Vos-15 V 
- 
7.5 
V 
Voo-50V, 10-11A, Rl-4.55n 
Turn-Off 
Energy Loss per Cycle 
Eofl 
L=0.2 pH, 1.,=1.2=0.6 A 
- 
80 
pJ 
Vos (clamp): +10 V, -0.6 V 
Thermal 
Resistance, Junction 
to Case 
ROJC 
- 
1.5 
°C/W 
Thermal 
Resistance, Junction 
to Ambient 
ROJA 
- 
80 


CHARACTERISTIC 
TEST CONDITIONS 
LIMITS 
UNITS 
MIN. 
MAX. 


Diode Forward Voltage 
Vso 
Iso-22 A 
- 
1.5 
V 
Reverse Recovery Time 
t" 
IF=22 A, dIF/d,-100 Alps 
- 
200 
ns 
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Fig. 1 - Sale-opera ling-area curve. (Curves must be derated 
linearly with increase in temperature.) 
Fig. 2 - Unclamped-inductive-switching 
sale-opera ling-area curve. 


(Single pulse UIS SOA). See Fig. 13 lor test circuit. 
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Fig. 10 - Typical capacitance 
vs_voltage. 
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(I) HARRIS 
RFP25N05 


N-Channel 
Enhancement-Mode 


Power Field-Effect 
Transistors 
(MegaFETs) 


• 25A, 50V 


• rDS(on) = 0.0470 


• UIS SOA Rating Curve (Single Pulse) 


• SOA is Power-Dissipation 
Limited 


• Nanosecond 
Switching 
Speeds 


• Linear Transfer 
Characteristics 


• High Input Impedance 


• 1750C Operating 
Temperature 


Description 


The RFP25N05 n-channel power MOSFETs is manufactured using 
the MegaFET process. This process, which uses feature sizes 
approaching 
those 
of 
LSI 
integrated 
circuits, 
gives 
optimum 
utilization 
of silicon, 
resulting 
in outstanding 
performance. The 
RFP25N05 was designed for use in applications such as switching 
regulators, switching converters, motor drivers, relay drivers, and 
emitter switches 
for 
bipolar 
transistors. 
This transistor 
can be 
operated directly from integrated circuits. 


The RFP25N05 
is supplied 
in the JEDEC TO-220AB 
plastic 
package. 


TO-220AB 
TOPVIEW 


Terminal Diagram 


N-CHANNEL 
ENHANCEMENT MODE 


Drain-SourceVoltage 
VOSS 
Drain-GateVoltage(RGS= 1MOl 
VDGR 
ContinuousDrainCurrent. 
10 
PulsedDrainCurrent 
10M 
Gate-SourceVoltage 
VGS 
MaximumPowerDissipation 


TC= +250C 
Po 
DeratedAboveTC = 250C 
. 


OperatingandStorageJunctionTemperatureRange 
TJ,TSTG 
SinglePulseAvalancheRating,Referto UISSOACurve 


RFP25N05 


50 
50 
25 
65 
±20 


72 
0.48 
-55to+175 


UNITS 


V 
V 
A 
A 
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WfOC 
oC 


~ 
... ... 
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Electrical 
Characteristics 
At Case Temperature (Tel = +250C, Unless Otherwise Specified 


LIMITS 


CHARACTERISTICS 
SYMBOL 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Orain-Source 
BVOSS 
10=0.25mA, VGS = OV 
50 
- 
- 
V 


Breakdown Voltage 


Gate Threshold 
VGS(th) 
VGS=VOS 
2 
- 
4 
V 


Voltage 
10=0.25mA 


Zero Gate Voltage 
lOSS 
VOS =80V, VGS = OV 
- 
- 
1 
!1A 


Orain Current 
TC=+1500C 
!1A 
- 
- 
50 


Gate-Source 
IGSS 
VGS=±20V 
- 
- 
100 
nA 


Leakage Current 


On Resistance 
rOS(on) 
10 = 25A, VGS = 10V 
- 
- 
0.047 
0 


Turn-On Time 
I(on) 
VOO = 25V, 10 = 12.5A 
- 
- 
60 
ns 


Turn-On OelayTime 
td(on) 
RL=20 
- 
14 
- 
ns 


RiseTime 
lr 
IG1 = IG2 = 0.5A 
- 
30 
- 
ns 


Turn-Off Oelay Time 
!d(off) 
VGS(clamp) = +1 OV,-0.6V 
- 
45 
- 
ns 


Fall Time 
tf 
- 
14 
- 
ns 


Turn-Off Time 
I(off) 
- 
- 
100 
ns 


Total Gate Charge 
Og(tot) 
VGS=0-20V 
VOO=40V 
- 
- 
80 
nC 


Gate Charge at 1OV 
Og(10) 
VGS=0-10V 
10=25A 
- 
- 
45 
nC 


Threshold Gate Charge 
Og(th) 
VGS=0-2V 
RL = 1.60 
- 
- 
3 
nC 


Plateau Voltage 
V(plateau) 
10= 25A, VOS= 15V 
- 
- 
7.5 
V 


Turn-Off Energy 
Eoff 
VOO = 25V,I0 = 12.5A,IG 1 = IG2 = 0.5A 
- 
- 
30 
~J 


Loss per Cycle 
VGS(clamp) = +1 OV,-0.6V, L = 0.2~H, 


. 
RL=20 


Thermal Resistance 
ReJC 
- 
- 
2.083 
°C/W 


Junction to Case 


Thermal Resistance Oiode 
RaJA 
- 
- 
80 
°C/W 


Junction to Ambient 


Source-Drain 
Diode Ratings and Characteristics 


LIMITS 


CHARACTERISTICS 
SYMBOLS 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Forward Voltage 
VSO 
ISO= 25A 
- 
- 
1.5 
V 


Reverse Recovery Time 
trr 
If = 25A, dlf/dt = 100N~s 
- 
- 
125 
ns 
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FIGURE 1. SAFE-OPERATING-AREA 
CURVE (CURVES 
FIGURE 2. UNCLAMPED 
-INDUCTIVE-SWITCHING 
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mHARRIS 


• 25A, 50V and 60V 


• rDS(on) = 0.070 


• SOA is Power-Dissipation 
Limited 


• Nanosecond Switching Speeds 


• Linear Transfer Characteristics 


• High Input Impedance 


• Majority Carrier Device 


Description 


The RFM25N06 and RFP25N06 are n-channel enhancement- 
mode silicon-gate power field-effect transistors designed for 
applications such as switching regulators,switching converters, 
motor drivers, relay drivers and drivers for high-power bipolar 
switching transistors requiring high speed and low gate-drive 
power. 
These 
types 
can 
be 
operated 
directly 
from 
integrated circuits. 


The RFM-type is supplied in the JEDEC 
TO-204AA steel 
package and the RFP-type in the JEDEC TO-220AB plastic 
package. 


RFM25N06 
RFP25N06 
N-Channel Enhancement-Mode 
Power Field-Effect Transistors 


DRAIN 
SOU~LANGE)o 
GATE 


TO-220AB 


TOP VIEW 


Terminal Diagram 


N-CHANNEL 
ENHANCEMENT MODE 


Absolute 
Maximum 
Ratings 
(TC = +250C), UnlessOtherwise Specified 


RFM25N06 


Drain-Source 
Voltage 
...........•......................... 
VOSS 


Drain-Gate 
Voltage (RGS = 1MO) .......................•.• 
VDGR 


Continuous 
Drain Current ...............................•.••• 
10 
Pulsed Drain Current. 
.....................................• 
IDM 
Gate-Source 
Voltage 
VGS 
Maximum Power Dissipation 
TC = +250C 
Po 
UnearDerating 
Factor .........•...••..•......•................ 


Operating 
and Storage Temperature 
....••.............. 
TJ' TSTG 


100 
0.8 
-55 to +150 


RFP25N06 


60 


60 
25 
60 
±20 


UNITS 


V 


V 
A 
A 
V 


75 
0.6 
-55to+150 


W 
WfOC 
oC 


LIMITS 


CHARACTERISTICS 
SYMBOL 
TEST 
RFM25N06 
UNITS 
CONDITIONS 
RFP25N06 
MIN. 
MAX. 


Drain-Source 
Breakdown Voltage 
BVoss 
10=1 mA 
60 
- 
V 
VGS= 0 


Gate Threshold Voltage 
VGSllh' 
VGS= Vos 
2 
4 
V 
10= 1 mA 


Zero Gate Voltage Drain Current 
loss 
Vos = 40 V 
- 
- 
Vos = 50 V 
- 
1 


To = 125°C 
pA 
Vos = 40 V 
- 
- 
Vos = 50 V 
- 
50 


Gate-Source Leakage Current 
IGSS 
VGs=±20V 
- 
100 
nA 
Vos = 0 


Drain-Source On Voltage 
Vos1on,8 
10=12.5A 
- 
0.875 
VGS= 10 V 
V 
10= 25 A 
- 
2.5 
VGs=10V 


Static Drain-Source On Resistance 
rOS{OOI8 
10= 12.5A 
- 
0.07 
n 
VGS= 10V 


Forward Transconductance 
g••8 
Vos=10V 
5 
- 
mho 
10= 12.5A 


Input Capacitance 
Ciss 
Vos = 25 V 
- 
1700 


Output Capacitance 
Coos 
VGS= 0 V 
- 
900 
pF 


Reverse Transfer Capacitance 
C"", 
f= 
0.1 MHz 
- 
400 


Turn-On Delay Time 
t,fonl 
Voo = 30 V 
18 (typ.) 
60 


Rise Time 
t, 
10= 12.5 A 
120 (typ.) 
225 
ns 
Turn-Off 
Delay Time 
lolotfl 
Rgen= Rgs= 50 n 
123 (typ.) 
225 


Fall Time 
t, 
VGs=10V 
123 (typ.) 
200 


Thermal Resistance Junction-to-Case 
RsJC 
RFM25N06 
- 
1.25 
°CIW 
RFP25N06 
- 
1.67 


LIMITS 


CHARACTERISTIC 
SYMBOL 
TEST 
RFM25N06 
UNITS 
CONDITIONS 
RFP25N06 
MIN. 
I 
MAX. 


Diode Forward Voltage 
Vso 
Iso= 12.5 A 
- 
I 
1.4 
V 


Reverse Recovery Time 
t. 
IF=4A 
150(typ.) 
ns 
dlF/dt = 100 A/JiS 
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Fig. 6 - Normalized swilching waveforms for constant gate-current 
Refer to Harris application notes AN-7254 and AN-7260 
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Fig. 10 - 
Typical forward transconductance 
as a function 
of drain current for all Iypes. 
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mHARRIS 


Features 


• 25A, 180V and 200V 


• rDS(on) = 0.150 


• SOA is Power-Dissipation 
Limited 


• Nanosecond 
Switching 
Speeds 


• Linear Transfer Characteristics 


• High Input Impedance 


• Majority Carrier Device 


• High-Carrier, 
Low-Inductance 
Package 


The RFH25N18 and RFH25N20 are n-channel enhancement- 
mode silicon-gate power field-effect transistors designed for 
applications 
such 
as 
sWitching 
regulators, 
sWitching 
converters, 
motor 
drivers, 
relay drivers, and 
drivers 
for 
high-power bipolar switching transistors requiring high speed 
and low gate-drive power. Thesetypes can be operated direct- 
ly from integrated circuits. 


The RFH-types are supplied in the JEDEC TO-218AC plastic 
package. 


RFH25N18 
RFH25N20 


N-Channel Enhancement-Mode 


Power Field-Effect Transistors 


TO-218AC 
TOP VIEW 
:~~~I:CE 


GATE 


Terminal Diagram 


N-CHANNEL 
ENHANCEMENT 
MODE 


Absolute 
Maximum 
Ratings 
(TC = +250C). Unless Otherwise Specified 


RFH25N18 


Drain-Source 
Voltage ••.....•...................••..•....• 
VOSS 


Drain-Gate 
Voltage (RGS = 1MO) ............••••••.......• 
VDGR 


Continuous 
Drain Current ............••••.........••••.•..... 
10 
Pulsed Drain Current. 
..•................••.•......•.•.•.•.. 
IDM 
Gate-Source 
Voltage 
•..•••...•........................•.. 
VGS 
Maximum Power Dissipation 
TC = +250C ..•.......................••••.•........•.•.. 
Po 
Linear Derating 
Factor .........................••..•........... 


Operating 
and Storage Temperature 
.............•••••.. 
TJ' TSTG 


RFH25N20 


200 


200 
25 
60 
±20 


150 
1.2 
-55 to +150 


150 
1.2 
-55to+150 


UNITS 


V 


V 
A 
A 
V 


W 
WfOC 
°C 


LIMITS 
TEST 
CHARACTERISTIC 
SYMBOL 
CONDITIONS 
RFH25N18 
RFH25N20 
UNITS 


Min. 
Max. 
Min. 
Max. 


Drain-Source 
Breakdown 
BVoss 
10= 1 mA 
180 
- 
200 
- 
V 


Voltage 
VGS= 0 


Gate Threshold 
Voltage 
VGs(th) 
VGS= Vos 
2 
4 
2 
4 
V 


10= 1 mA 


Zero Gate Voltage Drain 
loss 
Vos = 145 V 
- 
1 
- 
- 


Current 
Vos=160V 
- 
- 
- 
1 


Tc = 125·C 
fJA 


Vos = 145 V 
- 
50 
- 
- 


Vos=160V 
- 
- 
- 
50 


Gate-Source 
Leakage 
IGSS 
VGS= ± 20 V 
- 
100 
- 
100 
nA 


Current 
Vos = 0 


Drain-Source 
On Voltage 
Vos(on)a 
10= 12.5 A 
- 
1.875 
- 
1.875 


VGs=10V 
V 
10= 25 A 
- 
5 
- 
5 


VGS= 10 V 


Static Drain-Source 
On 
ros(on)a 
10=12.5A 
- 
.15 
- 
.15 
n 


Resistance 
VGS= 10 V 


Forward Transconductance 
g,.a 
Vos = 10 V 
7 
- 
7 
- 
mho 


10=12.5A 


Input Capacitance 
Cis. 
VOS= 25 V 
- 
3500 
- 
3500 


Output 
Capacitance 
Co•• 
VGS= 0 V 
- 
900 
- 
900 
pF 


Reverse Transfer 
Capacitance 
C••• 
f = lMHz 
- 
400 
- 
400 


Turn-On 
Delay Time 
t.(on) 
Vos=100V 
40(typ) 
80 
40(typ) 
80 


Rise Time 
t, 
10=12.5A 
150(typ) 
225 
150(typ) 
225 
ns 
Turn-Off 
Delay Time 
t.(off) 
Rgen=Rg.=50n 
300(typ) 
400 
300(typ) 
400 


Fall Time 
tt 
VGS= 10 V 
120(typ) 
200 
120(typ) 
200 


Thermal Resistance 
R8JC 
RFH25N18, 


Junction-to-Case 
RFH25N20 
- 
0.83 
- 
0.83 
·C/W 
Series 


LIMITS 


CHARACTERISTIC 
TEST CONDITIONS 
RFH25N18 
RFH25N20 
UNITS 


Min. 
Max. 
Min. 
Max. 


Diode Forward Voltage 
Vso• 
Iso = 12.5A 
- 
1.4 
- 
1.4 
V 


Reverse Recovery Time 
t" 
IF= 4A, d'Fld, = 100 AI fJS 
300 (typ.) 
300 (typ.) 
ns 
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Fig. 3 - Typical normalized gate threshold voltage as a function of 


junction 
temperature 
for a/l types. 
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Fig. 6 - Normalized switching waveforms for consfant gate-current 
Refer to Harris application notes AN-7254 and AN-7260 
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Fig. 10 - Typical forward transconductance 
as a function 
of drain 
current for all types. 
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Features 


• 25A, 180V and 200V 


• rDS{on) = 0.150 


• SOA is Power-Dissipation 
Limited 


• Nanosecond Switching 
Speeds 


• Linear Transfer Characteristics 


• High Input Impedance 


• Majority Carrier Device 


Description 


The RFK25N18 and RFK25N20 are n-channel enhancement- 
mode silicon-gate power field-effect transistors designed for 
applications 
such 
as 
switching 
regulators, 
switching 
converters, motor 
drivers, 
relay drivers, and 
drivers 
for 
high-power bipolar sWitchingtransistors requiring high speed 
and low gate-drive power. Thesetypes can be operated direct- 
ly from integrated circuits. 


The RFK-types are supplied in the JEDEC TO-204AE steel 
package. 


RFK25N18 
RFK25N20 
N-Channel Enhancement-Mode 


Power Field-Effect Transistors 


TO-204AE 


TOP VIEW 


DRAIN 
SOU~LANGE)o 
GATE 


Terminal Diagram 


N-CHANNEL 
ENHANCEMENT 
MODE 


Absolute 
Maximum 
Ratings 
(TC = +250C), Unless Otherwise Specified 


RFK25N18 


Drain-Source 
Voltage ...............•..........•.•........ 
VOSS 


Drain-Gate 
Voltage (RGS = 1MI1) .........•.....••.•....... 
VDGR 


Continuous 
Drain Current 
TC = +250C 
••..•••..........................•.•.•....... 
10 
Pulsed Drain Current .........•••..................••••... 
IDM 
Gate-Source 
Voltage 
..................................•.. 
VGS 
Maximum Power Dissipation 
TC = +250C 
...•....••••.....................••.......... 
Po 
Linear Derating Factor ..........•............•....•.•.......... 
Operating 
and Storage Temperature 
...............•••.• 
TJ' TSTG 


RFK25N20 


200 


200 


UNITS 


V 


V 


150 
1.2 
-55 to +150 


150 
1.2 
-55to+150 


W 


W;oC 
oC 


LIMITS 
CHARACTERISTICS 
SYMBOL 
TEST 
RFK25N18 
RFK25N20 
UNITS 
CONDITIONS 
MIN. 
MAX. 
MIN. 
MAX. 


Drain-Source 
Breakdown 
Voltage 
BVoss 
10=1 mA 
180 
- 
200 
- 
V 
VGs=O 


Gate 
Threshold 
Voltage 
VGs(th) 
VGs=Vos 
2 
4 
2 
4 
V 


10=1 mA 


Zero 
Gate 
Voltage 
Drain 
Current 
loss 
Vos=145 
V 
- 
1 
- 
- 
Vos=160 
V 
- 
- 
- 
1 


Tc=125°C 
pA 
Vos=145 
V 
- 
50 
- 
- 
Vos=160 
V 
- 
- 
- 
50 


Gate-Source 
Leakage 
Current 
IGSS 
VGs=±20 
V 
- 
100 
- 
100 
nA 
Vos=O 


Drain-Source 
On Voltage 
Vos(on)a 
10=12.5 
A 
- 
1.875 
- 
1.875 
VGs=10 V 
V 
10=25 A 
- 
5 
- 
5 
VGs=10 V 


Static 
Drain-Source 
On Resistance 
ros(on)a 
10=12.5 
A 
- 
.15 
- 
.15 
n 
VGs=10 V 


Forward 
Transconductance 
g's8 
Vos=10 V 
7 
- 
7 
- 
mho 


10=12.5 
A 


Input 
Capacitance 
Ciss 
Vos=25 V 
- 
3500 
- 
3500 


Output 
Capacitance 
Coss 
VGs=O V 
- 
900 
- 
900 
pF 


Reverse 
Transler 
Capacitance 
C"", 
1= 1MHz 
- 
400 
- 
400 


Turn-On 
Delay 
Time 
td(on) 
Voo=100 
V 
40(tyP) 
80 
40(tvp) 
80 


Rise Time 
t, 
10=12.5 
A 
150(typ) 
225 
150(typ) 
225 
ns 
Turn-Off 
Delay 
Time 
td(oll) 
Rgen=Rg.=50 n 
300(typ) 
400 
300(typ) 
400 


Fall Time 
tf 
VGs=10 V 
120(typ) 
200 
120(typ) 
200 


Thermal 
Resistance 
R8JC 
RFK25N18. 


Junction-to-Case 
RFK25N20 
Series 
- 
0.83 
- 
0.83 
°CIW 


LIMITS 
CHARACTERISTIC 
SYMBOL 
TEST 
RFK25N18 
RFK25N20 
UNITS 
CONDITIONS 
MIN. 
I 
MAX. 
MIN. 
I 
MAX. 
Diode 
Forward 
Voltage 
Vso 
Iso-12.5A 
- 
I 
1.4 
- 
I 
1.4 
V 


Reverse 
Recovery 
Time 
t" 
IF=4 A 
300(typ) 
3OO(typ) 
ns 
dlF/d,=100 
AlJ1S 
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Fig. 3 - 
Typical normalized gate threshold voltage as a function 
of junction temperature for all types. 


Fig. 4 - 
Normalized drain-to-source on resistance to junction 
temperature for all types. 
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Fig. 6 - Normalized switching waveforms for constant gate-current 
Refer to Harris application notes AN-7254 and AN-7260 
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on resistance as a function 


of drain current for all types. 
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Fig. 10 - 
Typical forward transconductance 
as a function 
of drain current 
for all types. 
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Features 


• 30A, 120V and 150V 


• rDS(on) = 0.0750 


• SOA is Power-Dissipation 
Limited 


• Nanosecond 
Switching 
Speeds 


• Linear Transfer 
Characteristics 


• High Input 
Impedance 


• Majority 
Carrier 
Device 


• High-Carrier, 
Low-Inductance 
Package 


Description 


The RFH30N12 and RFH30N 15 are n-channel enhancement- 
mode silicon-gate 
power field-effect 
transistors 
designed for 
applications 
such 
as 
switching 
regulators, 
switching 
converters, 
motor 
drivers, 
relay 
drivers, 
and 
drivers 
for 
high-power 
bipolar switching transistors requiring high speed 
and low gate-drive power. These types can be operated direct- 
ly from integrated circuits. 


The RFH-types 
are supplied in the JEDEC TO-218AC 
plastic 
package. 


RFH30N12 
RFH30N15 
N-Channel 
Enhancement-Mode 


Power Field-Effect 
Transistors 


TO-218AC 


TOP VIEW 
Dr:e€D 
::~~I:CE 


GATE 


Terminal Diagram 


N-CHANNEL 
ENHANCEMENT MODE 
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G~ 


Absolute 
Maximum 
Ratings 
(TC = +250C), Unless Otherwise Specified 


RFH30N12 


Drain-SourceVoltage 
VOSS 
Drain-GateVoltage(RGS= 1MO) 
VDGR 
ContinuousDrainCurrent 
10 
PulsedDrainCurrent 
IOM 
Gate-SourceVoltage 
VGS 
MaximumPowerDissipation 
TC = +250C 
Po 
LinearDeratingFactor 
. 
Operatingand StorageTemperature 
TJ,TSTG 


150 
1.2 
-55 to +150 


RFH30N15 


150 


150 
30 
100 
±20 


150 
1.2 
-5510+150 


UNITS 


V 


V 
A 
A 
V 


W 
WfOC 
oC 


Specifications 
RFH30N12, 
RFH30N15 


ELECTRICAL 
CHARACTERISTICS, 
at Case Temperature (Tel = 25°C unless otherwise specified. 


LIMITS 
TEST 
CHARACTERISTIC 
SYMBOL 
CONDITIONS 
RFH30N12 
RFH30N15 
UNITS 


Min. 
Max. 
Min. 
Max. 


Drain-Source 
Breakdown 
BVoss 
10 = 1 mA 
120 
- 
150 
- 
V 


Voltage 
Vas = 0 


Gate Threshold 
Voltage 
Vas{th) 
Vas = Vos 
2 
4 
2 
4 
V 


10 = 1 mA 


Zero Gate Voltage Drain 
loss 
Vos=100V 
- 
1 
- 
- 


Current 
Vos = 120 V 
- 
- 
- 
1 


Te = 125°C 
pA 


Vos=100V 
- 
50 
- 
- 


Vos=120V 
- 
- 
- 
50 


Gate-Source 
Leakage 
lass 
Vas = ± 20 V 
- 
100 
- 
100 
nA 


Current 
Vos = 0 


On-State Gate Voltage 
Vas{on)a 
Vos = 5 V 
- 
8 
- 
8 


10 = 15 A 
V 
Vos=10V 
- 
10 
- 
10 


10 = 30 A 


Drain-Source 
On Voltage 
Vos{on)a 
10 = 15 A 
- 
1.125 
- 
1.125 


Vas=10V 
V 
10 = 30 A 
- 
2.65 
- 
2.65 


Vas=10V 


Static Drain-Source 
On 
ros{on)a 
10 = 15A 
- 
0.075 
- 
0.075 
n 


Resistance 
Vas=10V 


Forward Transconductance 
gf,a 
Vos = 10 V 
10 
- 
10 
- 
mho 


10 = 15A 


Input Capacitance 
Ciss 
Vos = 25 V 
- 
3000 
- 
3000 


Output 
Capacitance 
Con 
Vas = 0 V 
- 
1200 
- 
1200 
pF 


Reverse Transfer 
Capacitance 
Crss 
f = 1 MHz 
- 
500 
- 
500 


Turn-On 
Delay Time 
td(on) 
Vos = 75 V 
75(typ) 
115 
75(typ) 
115 


Rise Time 
t, 
10 = 15 A 
420{typ) 
630 
420{typ) 
630 


Turn-Off 
Delay Time 
ns 
td(off) 
R•• n=R.,=50n 
300(typ) 
450 
300(typ) 
450 


Fall Time 
tf 
Vas=10V 
250(typ) 
375 
250{typ) 
375 


Thermal Resistance 
RUJe 
RFH30N12, 


Junction-to-Case 
FlfH30N15 
- 
0.83 
- 
0.83 
°C/W 


Series 


apulsed: 
Pulse duration 
= 300 ps max., duty cycle = 2oio. 


SOURCE-DRAIN 
DIODE RATINGS AND CHARACTERISTICS 


LIMITS 


CHARACTERISTIC 
TEST CONDITIONS 
RFH30N12 
RFH30N15 
UNITS 


Min. 
Max. 
Min. 
Max. 


Diode Forward Voltage 
Vso' 
Iso = 15A 
- 
1.4 
- 
1.4 
V 


Reverse Recovery Time 
t" 
IF = 4A, dlFld, = 100 AI J1S 
200 (typ.) 
200 (typ.) 
ns 
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w ••.• 
z<n 
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Fig. 1- Maximum safe operating 
areas for all types. 
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on 
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temperature 
for all types. 


Fig. 6 - Normalized switching waveforms for constant gate-current. 
Refer to Harris application notes AN-7254 and AN-7260 
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Fig. 8 - Typical 
drain-to-source 
on resistance 
as a function 
of 
drain current for a/l types. 
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Fig. to - Typical forward 
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as a function 
of drain 
current for a/l types. 
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Features 


• 30A, 120V and lS0V 


• rDS(on) = 0.0750 


• SOA is Power-Dissipation 
Limited 


• Nanosecond Switching Speeds 


• Linear Transfer Characteristics 


• High Input Impedance 


• Majority Carrier Device 


Description 


The RFK30N12 and RFK30N15 are n-channel enhancement- 
mode silicon-gate power field-effect transistors designed for 
applications 
such 
as 
switching 
regulators, 
switching 
converters, motor drivers, relay drivers, and 
drivers for 
high-power bipolar switching transistors requiring high speed 
and low gate-drive power.Thesetypes can be operated direct- 
ly from integrated circuits. 


The RFK-types are supplied in the JEDEC TO-204AE steel 
package. 


RFK30N12 
RFK30N15 


N-Channel 
Enhancement-Mode 


Power Field-Effect 
Transistors 


TO-204AE 


TOP VIEW 


DRAIN 
SOU~LANGE)o 
GATE 


Terminal Diagram 


N-CHANNEL 
ENHANCEMENT 
MODE 


Absolute 
Maximum 
Ratings 
(TC = +250C), Unless Otherwise Specified 


RFK30N12 


Drain-Source 
Voltage ...•••...........................•... 
VDSS 


Drain-Gate 
Voltage (RGS= 
1MO) .................••.•..... 
VDGR 


Continuous 
Drain Current 
TC = +250C 
...•........................•........•••••... 
ID 
Pulsed Drain Current. 
............•......•••••.......•.•.• 
IDM 
Gate-Source 
Vonage 
........................•••••......•• 
VGS 


Maximum Power Dissipation 
TC = +250C 
...........•..........•••.................... 
PD 
Linear Derating Factor. ........••••....•••..................... 
Operating 
and Storage Temperature 
................••.. 
TJ, TSTG 


RFK30N15 


150 


150 


UNITS 


V 


V 


120 
1.2 
-55to+150 


120 
1.2 
-55to+150 


W 


wfOC 
oC 


LIMITS 


CHARACTERISTIC 
SYMBOL 
TEST 
RFK30N12 
RFK30N15 
UNITS 
CONDITIONS 
MIN. 
MAX. 
MIN. 
MAX. 
Drain-Source 
Breakdown 
Voltage 
BVDss 
ID-1 mA 
120 
- 
150 
- 
V 


VGs=O 
Gate Threshold 
Voltage 
VGs(th) 
VGS-VDS 
2 
4 
2 
4 
V 
ID=1 mA 
Zero Gate Voltage Drain Current 
IDss 
VDs-100 V 
- 
1 
- 
- 
VDs=120V 
- 
- 
- 
1 
Tc=125°C 
fJA 
VDs=100V 
- 
50 
- 
- 
VDs=120V 
- 
- 
- 
50 
Gate-Source 
Leakage Current 
IGSS 
VGS-± 20 V, 
- 
100 
- 
100 
nA 
VDS=O 
Drain-Source 
On Voltage 
VDS(on)· 
ID-15 A 
- 
1.125 
- 
1.125 
VGs=10V 
V 
ID=30A 
- 
3 
- 
3 
VGs=10V 
Static Drain-Source 
On Resistance 
rDS(on)· 
ID=15A 
- 
0.075 
- 
0.075 
n 
VGs=10V 
Forward Transconductance 
g,•• 
VDs=10V 
10 
- 
10 
- 
mho 
ID=15A 
Input Capacitance 
Cia. 
VDs-25 V 
- 
3000 
- 
3000 
Output Capacitance 
COla 
VGS=OV 
- 
1200 
- 
1200 
pF 
Reverse Transfer Capacitance 
Crs• 
f = 1MHz 
- 
500 
- 
500 
Turn-On 
Delay Time 
td(on) 
VDD=75V 
75(lyp) 
115 
75(lyp) 
115 
Rise Time 
t, 
ID=15A 
420(lyp) 
630 
20(lyp) 
630 
Turn-Off 
Delay Time 
td(off) 
R•• n=R••=50 n 
300(lyp) 
450 
300(lyp) 
450 
ns 


Fall Time 
If 
VGs=10V 
250(lyp) 
375 
50(lyp) 
375 
Thermal Resislance 
R8JC 
RFK30N12, 


Junction-to-Case 
RFK30N15 Series 
- 
0.83 
- 
0.83 
°C/W 


LIMITS 
CHARACTERISTIC 
SYMBOL 
TEST 
RFK30N12 
RFK30N15 
UNITS 
CONDITIONS 
MIN. 
I 
MAX. 
MIN. 
I 
MAX. 
Diode Forward Vollage 
VSD 
IsD=15A 
- 
I 
1.4 
- 
I 
1.4 
V 


Reverse Recovery Time 
In 
1,=4A 
200(lyp) 
200(lyp) 
ns 
dlF/d.=100 A/fJS 


{!!. 
..•..... 
..... "- 
zen 
ZCl 
<:I: 
::ea: 
u •.•.• 
':I; 
ZCl 
Q. 


CASE TEMPERATURE 
(Tcl = 25·C 
(CURVES 
MUST BE DERATED 
LINEARLY 
WITH 
INCREASE 
IN 
TEMPERATURE) 


c 
I 
~108 
.. 
ZIII 
II: 
II: 
::> 
() 
II:~ 
() 
III..•..•o 
() 


6 
8 
6 
8 
10 
100 
DRAIN-To-SOURCE 
VOLTAGE (VDsl- 
V 


o 
50 
100 
150 


JUNCTION TEMPERATURE ITJI--C 


92:CS-343'9 


Fig. 3 - Typical normalized gate threshold voltage as a function 
of junction 
temperature for a/l types. 
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Fig. 4 - Normalized drain-to-source 
on resistance to junction 
temperature for a/l types. 
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Fig. 6 - Normalized switching waveforms for constant gate-current 
Refer to Harris application notes AN-7254 and AN-7260 
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0.14 PULSE 
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80liSle 
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DRAIN 
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92C5·36253 


Fig. 8 
Typical drain-to-source 
on resistance as a function of 
drain current for all types. 


Fig. 10 - Typical forward 
transconductance 
as a function 
of 
drain current for all types. 
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Fig. 9 - Capacitance as a function of drain-to-source 
voltage 
for all types. 
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mlHARRIS 


Features 


• 35A, BOVand 100V 


• rDS(on) = 0.0550 


• SOA is Power-Dissipation 
Limited 


• Nanosecond Switching 
Speeds 


• Linear Transfer Characteristics 


• High Input Impedance 


• Majority Carrier Device 


• High-Carrier, 
Low-Inductance 
Package 


Description 


The RFH35N08 and RFH35N10 are n-channel enhancement- 
mode silicon-gate power field-effect transistors designed for 
applications 
such 
as 
switching 
regulators, 
switching 
converters, 
motor 
drivers, 
relay drivers, and 
drivers 
for 
high-power bipolar switching transistors requiring high speed 
and low gate-drive power. These types can be operated direct- 
ly from integrated circuits. 


The RFH-types are supplied in the JEDEC TO-218AC plastic 
package. 


RFH35N08 
RFH35N10 


N-Channel 
Enhancement-Mode 


Power Field-Effect 
Transistors 


TO-218AC 
TOP VIEW 
0L:@O 
:~~~:CE 


GATE 


Terminal Diagram 


N-CHANNEL 
ENHANCEMENT MODE 


Absolute 
Maximum 
Ratings 
(TC = +250C), Unless Otherwise Specified 


RFH35N08 


Drain-Source 
Voltage ...•..••.........•........••••..••... 
VOSS 


Drain-Gate 
Voltage (RGS = 1MOl 
..••.•................•... 
VOGR 


Continuous 
Drain Current ....•••......•.•...........•........ 
10 
Pulsed Drain Current. 
IOM 
Gate-Source 
Voltage 
......•••........••••.........•.••... 
VGS 
Maximum Power Dissipation 
TC = +250C 
...................................•.•.•..... 
Po 
Linear Derating Factor .................................•....... 
Operating and Storage Temperature 
...••............... 
TJ, TSTG 


RFH35N10 


100 


100 
35 
100 
±20 


150 
1.2 
-55 to +150 


150 
1.2 
-55to+150 


UNITS 


V 


V 
A 
A 
V 


W 
WjOC 
°C 


LIMITS 
TEST 
CHARACTERISTIC 
SYMBOL 
CONDITIONS 
RFH35N08 
RFH35N10 
UNITS 


Min. 
Max. 
Min. 
Max. 


Drain-Source 
Breakdown 
BVoss 
10 = 1 mA 
80 
- 
100 
- 
V 


Voltage 
VGS= 0 


Gate Threshold 
Voltage 
VGs(th) 
VGS= Vos 
2 
4 
2 
4 
V 


10 = 1 mA 


Zero Gate Voltage Drain 
loss 
Vos = 65 V 
- 
1 
- 
- 


Current 
Vos = 80 V 
- 
- 
- 
1 


Tc = 125°C 
IJA 


Vos = 65 V 
- 
50 
- 
- 


Vos = 80 V 
- 
- 
- 
50 


Gate-Source 
Leakage 
IGSS 
VGS= ± 20 V 
- 
100 
- 
100 
nA 


Current 
Vos = 0 


Drain-Source 
On Voltage 
Vos(on)a 
10 = 17.5 A 
- 
0.963 
- 
0.963 


VGS= 10 V 
V 


10 = 35 A 
- 
3.0 
- 
3.0 


VGS= 10 V 


Static Drain-Source 
On 
ros(on)a 
10= 
17.5 A 
- 
0.055 
- 
0.055 
0 


Resistance 
VGS= 10 V 


Forward Transconductance 
g,.a 
Vos=10V 
10 
- 
10 
- 
mho 


10 = 17.5 A 


Input Capacitance 
ellS 
Vos = 25 V 
- 
3000 
- 
3000 


Output Capacitance 
Coaa 
VGS= 0 V 
- 
1500 
- 
1500 
pF 


Reverse Transfer 
Capacitance 
Crllll 
f = 1 MHz 
- 
600 
- 
600 


Turn-On 
Delay Time 
t.(on) 
Voo = 50 V 
45(typ) 
100 
45(typ) 
100 


Rise Time 
t, 
10 = 17.5 A 
225(typ) 
450 
225(typ) 
450 


ns 
Turn-Off 
Delay Time 
t.(off) 
R•• n=R••=500 
240(typ) 
450 
240(typ) 
450 


Fall Time 
t, 
VGs=10V 
165(typ) 
350 
165(typ) 
350 


Thermal 
Resistance 
R8Jc 
RFH35N08. 


Junction-to-Case 
RFH35N10 
- 
0.83 
- 
0.83 
°C/W 


Series 


LIMITS 


CHARACTERISTIC 
TEST CONDITIONS 
RFH35N08 
RFH35N10 
UNITS 


Min. 
Max. 
Min. 
Max. 


Diode Forward Voltage 
Vso. 
Iso = 17.5A 
- 
1.4 
- 
1.4 
V 


Reverse Recovery Time 
t" 
IF= 4A. d'F/dt = 100 AI J1S 
200 (typ.) 
200 (typ.) 
ns 


~ 
•.• w 
w ••• 
zen 
zQ 
ce:::E 
:2: a: 
<.)w 
'~ 
zQ 
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CASE 
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(CURVES 
MUST 
BE 
DERATED 


LINEARLY 
WITH 
INCREASE 
IN 


TEMPERATURE) 


8 
8 
10 
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DRAIN-TO-SOURCE 
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Fig. 3 - Typical normalized gate threshold voltage as a function of 


junction 
temperature 
for all types. 
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Fig. 4 - Normalized 
drain-to-source 
on resistance 
to junction 
temperature 
for all types. 


Fig. 6 - Normalized switching waveforms for constant gate-current 
Refer to Harris application notes AN-7254 and AN-7260 
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Fig. 8 - Typical 
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on resistance 
as a function 
of 
drain current for all types. 
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Fig. 10- Typical forward 
transconductance 
as a function 
of drain 


current for all types. 
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Ell HARRIS 


• 3SA, BOV and 100V 


• rDs(on} = 0.0550 


• SOA is Power-Dissipation 
Limited 


• Nanosecond 
Switching 
Speeds 


• Linear Transfer Characteristics 


• High Input Impedance 


• Majority Carrier Device 


Description 


The RFK35N08 and RFK35N10 are n-channel enhancement- 
mode silicon-gate power field-effect transistors designed for 
applications 
such 
as 
switching 
regulators, 
switching 
converters, 
motor 
drivers, 
relay drivers, and 
drivers 
for 
high-power bipolar switching transistors requiring high speed 
and low gate-drive power. These types can be operated direct- 
ly from integrated circuits. 


The RFK-types are supplied in the JEDEC TO-204AE steel 
package. 


RFK35N08 
RFK35N10 


N-Channel Enhancement-Mode 


Power Field-Effect Transistors 


TO-204AE 


TOP VIEW 


DRAIN 
SOU~LANGE)o 
GATE 


Terminal Diagram 


N-CHANNEL 
ENHANCEMENT MODE 


Absolute 
Maximum 
Ratings 
(Tc = +250Cl, Unless Otherwise Specified 


RFK35N08 


Drain-Source 
Voltage 
..•.••..............................• 
VOSS 


Drain-Gate 
Voltage (RGS= 
1MO) 
VDGR 


Continuous 
Drain Current 
TC = +250C 
10 
Pulsed Drain Current. 
...........................•........ 
10M 
Gate-Source 
Voltage 
VGS 
Maximum Power Dissipation 
TC = +250C 
Po 
UnearDerating 
Factor .••........................•............. 
Operating 
and Storage Temperature 
...••.•••.•.....•••• 
TJ' TSTG 


RFK35N10 


100 


100 


UNITS 


V 


V 


150 
1.2 
-55to+150 


150 
1.2 
-5510+150 


W 


WfOC 
°C 


LIMITS 


CHARACTERISTICS 
SYMBOL 
TEST 
RFK35N08 
RFK35N10 
UNITS 
CONDITIONS 
MIN. 
MAX. 
MIN. 
MAX. 


Drain-Source 
Breakdown 
Voltage 
BVoss 
10=1 mA 
80 
- 
100 
- 
V 
VGs=O 


Gate 
Threshold 
Voltage 
VGs(th) 
VGs=Vos 
2 
4 
2 
4 
V 


10=1 mA 


Zero 
Gate 
Voltage 
Drain 
Current 
loss 
Vos=65 V 
- 
1 
- 
- 
Vos=80 V 
- 
- 
- 
1 


Tc=125°C 
pA 
Vos=65 V 
- 
50 
- 
- 
Vos=80 V 
- 
- 
- 
50 


Gate-Source 
Leakage 
Current 
IGSS 
VGs=±20 
V 
- 
100 
- 
100 
nA 
Vos=O 


Drain-Source 
On Voltage 
Vos(on)a 
10=17.5 
A 
- 
0.9625 
- 
0.9625 
VGs=10 V 
V 
10=35 A 
- 
3.5 
- 
3.5 
VGs=10 V 


Static 
Drain-Source 
On Resistance 
ros(on)a 
10=17.5 
A 
- 
0.055 
- 
0.055 
n 
VGs=10 V 


Forward 
Transconductance 
glsa 
Vos=10 V 
10 
- 
10 
- 
mho 


10=17.5 
A 


Input 
Capacitance 
c 
C ••• 
Vos=25 V 
- 
3000 
- 
3000 


Output 
Capacitance 
Coss 
VGs=O V 
- 
1500 
- 
1500 
pF 


Reverse 
Transfer 
Capacitance 
C"" 
f=l 
MHz 
- 
600 
- 
600 


Turn-On 
Delay 
Time 
td(on) 
Voo=50 V 
45(typ) 
100 
45(typ) 
100 


Rise Time 
t, 
10=17.5 
A 
225(typ) 
450 
225(typ) 
450 
ns 
Turn-Off 
Delay 
Time 
td(off) 
Rgen=Rg,=50 n 
240(typ) 
450 
240(typ) 
450 
Fall Time 
tl 
VGs=10 V 
165(typ) 
350 
165(typ) 
350 
Thermal 
Resistance 
RBJC 
RFK35N08, 


Junction-to-Case 
RFK35Nl0 
Series 
- 
0.83 
- 
0.83 
°CIW 


LIMITS 
CHARACTERISTIC 
SYMBOL 
TEST 
RFK35N08 
RFK35N10 
UNITS 
CONDITIONS 
MIN. 
I 
MAX. 
MIN. 
I 
MAX. 
Diode 
Forward 
Voltage 
Vso• 
Iso=17.5 A 
- 
I 
1.4 
- 
I 
1.4 
V 


Reverse 
Recovery 
Time 
t" 
IF=4 A 
200(typ) 
200(typ) 
ns 
dlF/dl=100 
A/ps 


~ 
~ ... 
...... 
z<n 
zCl 
c~ 
:r:a: 
u ••• 
'~ 
zCla.. 


CASE TEMPERATURE (TCI = 25·C 
(CURVES MUST BE DERATED 
LINEARLY WITH INCREASE IN 
TEMPERATURE) 
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Fig. 4 - 
Normalized 
drain-to-source 
on resistance 
to junction 
temperature 
for all fypes. 


Fig. 6 - Normalized switching waveforms for constant gate-current 
Refer to Harris application notes AN-7254 and AN-7260 
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Fig. 10 - 
Typicallorward 
transconductance 
as a function 
01 drain current for all types. 
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m •...ARRIS 
RFG40N10 
RFP40N10 


N-Channel 
Enhancement-Mode 


Power Field-Effect 
Transistors 
(MegaFETs) 


• 40A, 100V 


• rOS(on) = O.04on 


• UIS SOA Rating Curve (Single Pulse) 


• SOA is Power-Dissipation 
Limited 


• Nanosecond Switching Speeds 


• Linear Transfer Characteristics 


• High Input Impedance 


• +1750C Operating Temperature 


Description 


The RFG40N10 and RFP40N10 n-channel ESD rated power 
MOSFET'sare manufactured using the MegaFETprocess. This 
process, which uses feature sizes approaching those of LSI 
integratedcircuits gives optimum utilizationof silicon, resultingin 
outstanding performance. They were designed for 
use in 
applications such as switching regulators,switching converters, 
motor drivers, relay drivers and emitter switches for bipolar 
transistors. These transistors can be operated directly from 
integrated circuits. 
The RFP40N10 is supplied in the JEDEC TO-220AB plastic 
package and the RFG40N10 is supplied in the TO-247 plastic 
package. 


TO-220AB 


TOP VIEW 


TO-247 
TOP VIEW 


Terminal Diagram 


N-CHANNEL ENHANCEMENT MODE 


Absolute 
Maximum 
Ratings 
(TC = +250C), Unless OtherwiseSpecified 


RFG40N10 
RFP40N10 
100 
100 
40 
100 
±20 


Drain-Source 
Voltage 
..............••........................ 
VOSS 
Drain-Gate 
Voltage (RGS = 1 MO) ...••........................ 
VOGR 
Continuous 
Drain Current. 
10 
Pulsed Drain Current .......................•....•.............. 
10M 


Gate-Source 
Voltage 
...........................•............. 
VGS 
Maximum Power Dissipation 
TC = +250C 
................•................................ 
Po 
Derated Above +250C 
.....................................•..... 


Operating 
and Storage Junction Temperature 
Range 
TJC, TSTG 


160 
1.07 
-55to+175 


UNITS 
V 


V 


A 


A 
V 


W 


WfOC 


oC 


LIMITS 


CHARACTERISTICS 
TEST CONDITIONS 
MIN 
MAX. 
UNITS 


Drain-Source 
Breakdown Voltage 
BVDSS 
10 =0.25mA, 
VGS=OV 
100 
- 
V 
Gate Threshold Voltage 
VGS(th) 
VGS = VDS,ID = 0.25 mA 
2 
4 


VDS=80V, 
VGS=OV 
- 
1 


Zero Gate Voltage Drain Current 
lOSS 
Tc= 
1SOoC 
50 
J!A 


Gate-Source Leakage Current 
IGSS 
VGS=±20V,VDS= 
OV 
- 
100 
nA 


Static Drain-Source on Resistance 
rDS(on) 
10 = 40 A. VGS = 10 V 
- 
0.040 
n 


Turn-On Time 
t(on) 
- 
80 


Turn-On Delay Time 
td(on) 
VDD = SOV, 10 = 20A 
17 (typ) 
- 


Rise Time 
tr 
Ig1 = Ig2 = 1.2 A 
30 (typ) 
- 
ns 
Turn-Off DelayTime 
td(off) 
VGS (clamp): +10 V, -0.6 V 
42 (typ) 
- 


Fall Time 
tr 
RL=2.5n 
20 (typ) 
- 


Turn-Off Time 
t(off) 
- 
100 


Total Gate Charge 
Og(total) 
VGS=Ot020V 
VDD =80V 
- 
300 


Gate Charge at 10V 
Og(10) 
VGS=Ot010V 
10 = 40A 
- 
150 
nC 


Threshold Gate Charge 
Og(th) 
VGS=Ot02V 
RL=2n 
- 
7.5 


Plateau Voltage 
V(plateau) 
10 = 40A, VDS = 15 V 
- 
7.5 
V 


VDD = SOV, 10 = 20A,RL=2.5 
n 
Turn-Off Energy Loss per Cycle 
Eol! 
L=0.8flH,lg1 
=lg2=1.2A 
- 
300 
flJ 
VGS (clamp): +10V, -0.6 V 


Thermal Resistance, Junction to Case 
RaJC 
- 
0.94 
°C/W 
Thermal Resistance, Junction to Ambient 
RaJA 
- 
80 


LIMITS 


CHARACTERISTICS 
TEST CONDITIONS 
MIN 
MAX. 
UNITS 


Diode Forward Voltage 
VSD 
ISO = 40A 
- 
1.5 
V 


Reverse Recovery Time 
trr 
ISO = 40 A, dlSD/dt = 100 NflS 
- 
200 
ns 
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Figure 1 - Safe operating area curve. 
(Curves must be derated linearly with increase in temperature.) 
Figure 2 - Unc/amped-inductive-switching 
safe-operating-area 
(single pulse VIS SOA). See Figure 13 for test circuit. 
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Figure 6 - Typical transfer characteristics. 
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Figure 11 - Normalized switching 
waveforms for consfanf gate-current 


Refer to Harris application 
notes AN-7254 
and AN-7260 
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III HARRIS 


Features 


• 4SA, SOV and 60V 


• rDs(on) = 0.0400 


• SOA is Power-Dissipation 
Limited 


• Nanosecond 
Switching 
Speeds 


• Linear Transfer 
Characteristics 


• High Input Impedance 


• Majority Carrier Device 


• High-Current, 
Low-Inductance 
Package 


Description 


The 
RFH45N05 
and 
RFH45N06 
are 
n-channel 
enhancement-mode silicon-gate power field-effect transistors 
designed 
for 
applications 
such 
as 
switching 
regulators, 
switching converters, motor drivers, relay drivers, and drivers 
for high-power 
bipolar switching 
transistors requiring high 
speed and low gate-drive power. These types can be operated 
directly from integrated circuits. 


The RFH-types are supplied in the JEDEC TO-218AC plastic 
package. 


RFH45N05 
RFH45N06 
N-Channel Enhancement-Mode 
Power Field-Effect Transistors 


TO-218AC 
TOPVIEW 
DL:@O 


Terminal Diagram 


N-CHANNEL ENHANCEMENT MODE 


Absolute 
Maximum 
Ratings 
(TC = +250C), Unless Otherwise Specified 


RFH4SNOS 


Drain-SourceVoltage 
VDSS 
Drain-GateVoltage(RGS= 1MO) 
VDGR 
ContinuousDrainCurrent. 
ID 
PulsedDrainCurrent. 
IDM 
Gate-SourceVoltage 
VGS 
MaximumPowerDissipation 
TC = +2SoC 
PD 
LinearDeratingFactor 
. 
OperatingandStorageTemperature 
TJ,TSTG 


150 
1.2 
-S5 to +150 


RFH4SN06 


60 


60 
45 
100 
±20 


150 
1.2 


-55to+150 


UNITS 


V 


V 
A 
A 
V 


W 


WfOC 
°C 


~ 
...... 
...... 
ZCf.I 
zO 
Cl:~ 
::Ca: 
u ••• 
':I: 
Zo 
Do 


LIMITS 
TEST 
CHARACTERISTIC 
SYMBOL 
CONDITIONS 
RFH45N05 
RFH45N06 
UNITS 


Min. 
Max. 
Min. 
Max. 


Drain-Source 
Breakdown 
BVoss 
10 = 1 mA 
50 
- 
60 
- 
V 


Voltage 
Vas = 0 


Gate Threshold 
Voltage 
Vas(th) 
Vas = Vos 
2 
4 
2 
4 
V 


10 = 1 mA 


Zero Gate Voltage Drain 
loss 
Vos = 40 V 
- 
1 
- 
- 


Current 
Vos = 50 V 
- 
- 
- 
1 


Tc=125°C 
/lA 


Vos = 40 V 
- 
50 
- 
- 


Vos = 50 V 
- 
- 
- 
50 


Gate-Source 
Leakage 
lass 
Vas = ± 20 V 
- 
100 
- 
100 
nA 


Current 
Vos = 0 


Drain-Source 
On Voltage 
Vos(on)a 
10 = 22.5 A 
- 
0.9 
- 
0.9 


Vas = 10 V 
V 


10 = 45 A 
- 
3.6 
- 
3.6 


Vas = 10 V 


Static Drain-Source 
On 
ros(on)a 
10= 22.5 A 
- 
.04 
- 
.04 
0 


Resistance 
Vas = 10 V 


Forward Transconductance 
g••a 
Vos=10V 
10 
- 
10 
- 
mho 


10 = 22.5 A 


Input Capacitance 
C,aa 
Vos = 25 V 
- 
3000 
- 
3000 


Output 
Capacitance 
Con 
Vas = 0 V 
- 
1800 
- 
1800 
pF 


Reverse Transfer 
Capacitance 
C,aa 
f = 1MHz 
- 
750 
- 
750 


Turn-On 
Delay Time 
td(on) 
Vos = 30 V 
40(lyp) 
80 
40(lyp) 
80 


Rise Time 
t, 
10 = 22.5 A 
310(typ) 
475 
310(typ) 
475 


Turn-Off 
Delay Time 
ns 
Id(off) 
R•• n=R••=500 
220(typ) 
350 
220(typ) 
350 


Fall Time 
t, 
Vas = 10 V 
240(typ) 
375 
240(lyp) 
375 


Thermal 
Resistance 
R8JC 
RFH45N05, 
Junction-to-Case 
RFH45N06 
- 
0.83 
- 
0.83 
°C/W 


Series 


LIMITS 


CHARACTERISTIC 
TEST CONDITIONS 
RFH45N05 
RFH45N06 
UNITS 


Min. 
Max. 
Min. 
Max. 


Diode Forward Voltage 
Vso' 
Iso = 22.5A 
- 
1.4 
- 
1.4 
V 


Reverse Recovery Time 
I" 
IF= 4A, dlF/d, = 100 A//lS 
150 (typ.) 
150 (Iyp.) 
ns 


.• 
I 
10 
o 
to! 
~... 
rr: 
rr:a 
~ 
I-~ 
:Jou 


68 
88 
.1 


iO 
100 
1000 
ORAIN-TO-SOURCE 
VOLTAGE 
(VOs)-V 


92CS-38776 


Fig. 3 - Typical normalized gate threshold voltage as a function of 


junction 
temperature for all types. 
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Fig. 4 - Normalized 
drain-to-source 
on resistance 
to junction 
temperature for all types. 
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Fig. 6 - Normalized switching waveforms for constant gate-current 
Refer to Harris application notes AN-7254 and AN-7260 
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Fig. 8.., Typical 
drain-to-source 
on resistance 
as a function 
of 
drain current for a/l types. 
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Fig. 10- Typical forward transconductance 
as a function 
of drain 
current for a/l types. 
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m HARRIS 


• 45A, 50V and 60V 


• rDs(on) = 0.0400 


• SOA is Power-Dissipation 
Limited 


• Nanosecond Switching Speeds 


• Linear Transfer Characteristics 


• High Input Impedance 


• Majority Carrier Device 


RFK45N05 
RFK45N06 
N-Channel Enhancement-Mode 
Power Field-Effect Transistors 


DRAIN 
SOU~LANGE)o 
GATE 


Description 


The RFK45N05and RFK45N06are n-channel enhancement- 
Terminal Diagram 
mode silicon-gate power field-effect transistors designed for 
applications 
such 
as 
switching 
regulators, 
switching 
N-CHANNEL 
ENHANCEMENT 
MODE 
converters, motor drivers, relay drivers, and drivers for 
high-power bipolar sWitchingtransistors requiring high speed 
D 
and low gate-drive power.Thesetypes can be operateddirect- 
ly from integrated circuits. 


The RFK-types are supplied in the JEDEC TO-204AE steel 
package. 
G 


Absolute 
Maximum 
Ratings 
(TC "" +250Cl, UnlessOtherwise Specified 


RFK45N05 


Drain-Source Voltage ...•••.....••......•.•••.......•.•••• 
VOSS 


Orain-GateVoltage 
(RGS= 1M!}) 
VOGR 


Continuous Orain Current 
TC = +250C ............................................• 
10 
Pulsed Orain Current. ....•.••...•.•••..........•••....... 
IOM 
Gate-Source Voitage 
VGS 
Maximum Power Oissipation 
TC = +250C ............•.•.....••........•.•••.•........ 
Po 
Linear Derating Factor ..................•........•••..•........ 
Operating and Storage Temperature 
TJ, TSTG 


RFK45N06 


60 


60 


150 
1.2 
-55to+150 


150 
1.2 
-55to+150 


UNITS 


V 


V 


w 
W!OC 
°C 


{!!. 
~w 
w ••• 
Z'" 
zO 
<:IS 
%:a: 
Uw 
'3: 
Zo 
a. 


LIMITS 
CHARACTERISTICS 
SYMBOL 
TEST 
RFK45N05 
RFK45N06 
UNITS 
CONDITIONS 
MIN. 
MAX. 
MIN. 
MAX. 


Drain-Source 
Breakdown 
Voltage 
BVoss 
10=1 mA 
50 
- 
60 
- 
V 
VGs=O 


Gate 
Threshold 
Voltage 
VGs(th) 
VGs=Vos 
2 
4 
2 
4 
V 
10=1 mA 


Zero 
Gate 
Voltage 
Drain 
Current 
loss 
Vos=40 V 
- 
1 
- 
- 
Vos=50 V 
- 
- 
- 
1 


Tc=125°c 
IlA 
Vos=40 V 
- 
50 
- 
- 
Vos=50 V 
- 
- 
- 
50 


Gate-Source 
Leakage 
Current 
IGSS 
VGs=±20 
V 
- 
100 
- 
100 
nA 
Vos=O 


Drain-Source 
On Voltage 
Vos(on)a 
10=22.5 A 
- 
0.9 
- 
0.9 
VGs=10 V 
V 
10=45 A 
- 
3.6 
- 
3.6 
VGs=10 V 


Static 
Drain-Source 
On Resistance 
ros(on)a 
10=22.5 A 
- 
.04 
- 
.04 
n 
VGs=10 V 


Forward 
Transconductance 
g,: 
Vos=10 V 
10 
- 
10 
- 
mho 
10=22.5 A 


Input 
Capacitance 
Ciss 
Vos=25 V 
- 
3000 
- 
3000 


Output 
Capacitance 
Coss 
VGs=O V 
- 
1800 
- 
1800 
pF 


Reverse 
Transfer 
Capacitance 
C ••• 
f = 1MHz 
- 
750 
- 
750 


Turn-On 
Delay 
Time 
t.(on) 
Voo = 30 V 
40(typ) 
80 
40(typ) 
80 


Rise Time 
t, 
10=22.5 A 
310(typ) 
475 
310(typ) 
475 
ns 
Turn-Off 
Delay 
Time 
t.(off) 
R•• n=R.s=50 n 
220(typ) 
350 
220(typ) 
350 
Fall Time 
, 
tf 
VGs=10 V 
240(typ) 
375 
240(typ) 
375 


Thermal 
Resistance 
ReJC 
RFK45N05, 
Junction-to-Case 
RFK45N06 
Series 
- 
0.83 
- 
0.83 
°C/W 


TEST 
L1MITS 
CHARACTERISTIC 
SYMBOL 
CONDITIONS 
RFK45N05 
UNITS 


Min. 
I 
Max. 
Min. 
Max. 


Diode 
Forward 
Voltage 
Vso 
Iso = 22.5A 
- 
I 
1.4 
- 
1.4 
V 


Reverse 
Recovery 
Time 
t" 
IF = 4A 
150(typ.) 
150(typ.) 
ns 


dlF/d. 
= 100A/lls 


II 
II 
•• 
10 
100 
1000 


ORAIN-TO-SOURCE 
VOLTAGE 
(VOS) 
- 
V 


92CS- 
37137 


SO 
100 
l~ 
CASETEMPERATUREITC)--C 


'J2CS-37131 


Fig. 3 - 
Typical normalized gate threshold voltage as a lunction 
01junction 
temperature lor all types. 
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Fig. 4 - 
Normalized drain-to-source 
on resistance to junction 
temperature for all types. 
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Fig. 6 - Normalized switching 
waveforms for constant gate-current 


Refer to Harris application 
notes AN-7254 an" AN-7260 
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Fig. 10 - 
Typical forward 
transconductance 
as a lunction 
of drain current 
for all types. 
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m HARRIS 
RFP50N05 
RFG50N05 


N-Channel Enhancement-Mode 


Power Field-Effect Transistors (MegaFETs) 


• SOA,SOV 


• rDS(on) = 0.0220 


• UIS SOA Rating Curve (Single Pulse) 


• SOA is Power-Dissipation 
Limited 


• Nanosecond Switching Speeds 


• Linear Transfer Characteristics 


• High Input Impedance 


• +17SoC Operating Temperature 


Description 


The RFP50N05 and RFG50N05 n-channel power MOSFET'sare 
manufactured using the MegaFET process. This process. which 
uses 
feature 
sizes 
approaching 
those 
of 
LSI 


integrated circuits, gives optimum utilization of silicon. resulting in 
outstanding 
performance. They were 
designed 
for 
use In 


applications such as switching regulators, switching converters, 
motor drivers. relay drivers and emitter switches for bipolar 
transistors. 


The RFP50N05 is supplied In the JEDEC TO-220AB plastic 
package and the RFG50N05 is supplied in the TO-247 plastic 
package. 


TO-220AB 


TOP VIEW 


TO-247 


TOP VIEW 


Terminal Diagram 


N-CHANNEL ENHANCEMENT MODE 


(TC '" +250C). Unless Otherwise Specified 


RFP50N05 
RFG50N05 
50 
50 
50 
120 
±20 


Drain-Source 
Voltage •.....•...................•.......•••••• 
VOSS 
Drain-Gate 
Voltage (RGS = 1 MOl ••••..................••••••• 
VOGR 


Continuous 
Drain Current. 
......•••....•••.•••..........•••••.•... 
10 


Pulsed Drain Current. 
.........•••....••••..............••....•• 
10M 
Gate-Source 
Voltage 
..................•••........••••..•..... 
VGS 
Maximum Power Dissipation 
TC = +250C 
....••...•.•......•......••••........••••••••.•.. 
Po 
Derated Above +250C 
..................•.•......•••••..••.•..... 
Operating 
and Storage Junction Temperature 
Range •...••••• 
TJC. TSTG 
Single-Pulse 
Avalanche Ratings .•••......•••....•..••••••••••••••••• 


UNITS 
V 
V 
A 
A 
V 


1~ 
W 
0.88 
WfOC 
-55 to +175 
oC 
Refer to UIS SOA Curve 


•• 
...• t:; 
w ••• 
ztn 
zCl 
c~ 
::Ca:: 
Uw'~ 
ZCla. 


LIMITS 


CHARACTERISTICS 
SYMBOL 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNI:rS 


Drain-Source 
BVOSS 
10=0.25mA, VGS = OV 
50 
- 
- 
V 
Breakdown Voltage 


Gate Threshold 
VGS(th) 
VGS=VOS 
2 
- 
4 
V 
Voltage 
10=0.25mA 


Zero Gate Voltage 
loSS 
VOS =40V, VGS = OV 
- 
- 
1 
~A 
Drain Current 
TC=+1500C 
- 
- 
50 
~ 


Gate-Source 
IGSS 
VGS=±20V 
- 
- 
100 
nA 
Leakage Current 
~ 


On Resistance 
rOS(on) 
'0 = 50A, VGS = 10V 
- 
- 
0.022 
0 


Turn-On Time 
~on) 
VOO = 25V, 10 = 25A 
- 
- 
100 
ns 


Turn-On OelayTime 
td(on) 
RL = 1.00 
- 
15 
- 
ns 


RiseTime 
tr 
IG1 =IG2=1.5A 
- 
55 
- 
ns 


Turn-Off Delay Time 
!d(off) 
VGS(clamp) = +1 OV,-0.6V 
- 
60 
- 
ns 


Fall Time 
tf 
- 
15 
- 
ns 


Turn-Off Time 
~off) 
- 
- 
100 
ns 


Total Gate Charge 
Og(tot) 
VGS=0-20V 
VOO= 40V 
- 
- 
160 
nC 


Gate Charge at 10V 
Og(10) 
VGS=0-10V 
'0 = 50A 
- 
- 
ao 
nC 


Threshold Gate Charge 
Og(th) 
VGS=0-2V 
RL=O.aO 
- 
- 
6 
nC 


Plateau Voltage 
V(plateau) 
10= 50A, VOS = 15V 
- 
- 
7.5 
V 


Turn-Off Energy 
Eoff 
VOD = 25V, 10 = 25A,IG1 = IG2 = 1.5A 
- 
- 
150 
~J 
Loss per Cycle 
VGS(clamp) = +1 OV,-0.6V, L = 0.2~H, 
RL = 1.00 


Thermal Resistance 
ROJC 
- 
- 
1.14 
°C/W 
Junction to Case 


Thermal Resistance Diode 
ROJA 
- 
- 
ao 
°C/W 
Junction to Ambient 


LIMITS 


CHARACTERISTICS 
SYMBOLS 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Forward Voltage 
VSD 
ISD= 50A 
- 
- 
1.5 
V 


Reverse Recovery Time 
trr 
If = 50A, dlf/dt = 1OOA/~s 
- 
- 
125 
ns 
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liD d.gC 


If R-O 
~ 
loy-(L)( 
lo.)f( 
1.3 RRTEDBYd•• ·Ydd)- 
~ 
If Ib'O 
~ 
loya(LlR)ln({ladR)f(1.3 
RRTED8Vd•• ~YddHll 


'"!l; 
a: 
1<In 
100 


FIGURE 1. UNCLAMPED-INDUCTIVE-SWITCHING 
SOA 
(SINGLE PULSE UIS SOA) 
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mHARRIS 


• -11A, -100V 


• rDS(on) = 0.30.0 


• Single Pulse Avalanche Energy Rated 


• SOA is Power-Dissipation 
Limited 


• Nanosecond Switching Speeds 


• Linear Transfer Characteristics 


Description 


The 2N6804 is an advanced power MOSFETdesigned, tested, and 
guaranteedto withstand a specified level of energy in the breakdown 
avalanche mode of operation. This is a p-channel enhancement- 
mode 
silicon-gate 
power 
field-effect 
transistor 
designed 
for 
applications such as switching regulators, switching converters, 
motor drivers, relay drivers, and drivers for high-power 
bipolar 
switching transistors requiring high speed and low gate-drive power. 
This type can be operated directly from integrated circuits. 


The 2N6804 is supplied in the JEDEC TO-204AA steel package. 
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Avalanche-Energy-Rated 
P-Channel 
Power MOSFETs 
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SODOM 
VIEW 


~ 
DRAIN 
~OUR~CE 
/(FLANGE) 
o ~ 
0 
m- 


GATE 


Terminal 
Diagram 


P-CHANNEL ENHANCEMENT MODE 


Drain-Source 
Voltage. 
. • • • • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 
VDS 
Drain-Gate 
Voltage (RGS= 
20kO) ...........................•••. 
VDGR 
Continuous 
Drain Current 
TC = +250C 
. . • • . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . • . . . . .. 
10 
TC = +1000C 
......••.....••.......•........................... 
10 
Pulsed Drain Current (Note 2) ..........••.•....................... 
10M 
Gate-Source 
Vo~age 
...................•.........••••.••....... 
VGS 
Maximum Power Dissipation 
TC = +250C (See Figure 14) ...............•.........••••••.•.... 
Po 
AboveTc 
= +250C, Derate Linearly (See Figure 14) 
. 
Single Pulse Avalanche 
Energy (Note 3) .....•••.......•...•........ 
EAS 
Operating 
and Storage Junction Temperature 
Range .........••• 
TJ, TSTG 
Maximum Lead Temperature 
for Soldering 
...................•.•••••• 
TL 
(0.063" 
(1.6mm) from case for 1Os) 


·JEOEC 
registered 
values 


1. Pulse Test: 
Pulse width :5 300I'S, Duty Cycle 
~ 2%. 


2. Repetitive 
Rating: 
Pulse width 
limited 
by maximum 
junction 
temperature, 
see Transient 
Thermal 
Impedance 
Curve (Figure 
5). 


3. vDD 
- 
25V, Starting 
TJ - 250C. 
L - 
6.2mH. 
RG = 250, 
Peak tL - 
11A, 
(See Figure 
15 and 16). 


2N6804 


-100' 
-100' 


-11' 
-7.0' 
-50' 
±20' 


75' 
0.6' 
500 
-55 to +150' 
300 


UNITS 


V 
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mJ 
°C 
°C 


~ 
... ..•. 
..•. ... 
zU) 
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cJE 
::l:a:: 
u •.•• 
'~ 
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Parameter 
Min. 
Typ. 
Max. 
Units 
Test 
Conditions 


BVOSS 
Drain·Source 
Breakdown 
Voltage 
-100' 
- 
- 
V 
VGS = OV, 10 = 1.0mA 


VGS(lh) 
Gate 
Threshold 
Voltage 
-2,0' 
- 
-4,0' 
V 
VOS = VGS, 10 = 
-0.2SmA 


IGSS 
Gate-Source 
Leakage 
Forward 
- 
- 
-100 
nA 
VGS = 
-20V 


IGSS 
Gate-Source 
Leakage 
Reverse 
- 
- 
'00 
nA 
VGS = 20V 


lOSS 
Zero 
Gat, 
Voltaga 
Drain 
Current 
- 
- 
-0,2S' 
~ 
VOS • 
Max, Raling, VGS = OV 


- 
- 
-1000 
~ 
Vos 
"" Max. 
Rating 
x 0.8, 
VGS 
"" OV, T C 
:Ie 
125°C 


VOS(on) 
On·State 
Drain 
Current 
<;) 
-11' 
- 
- 
A 
VOS > 10(on) x ROS(on) max., VGS = -10V 


ROS(on) 
Static 
Drain-Source 
On-State 
- 
- 
0,30 
() 
VGS' 
-10V,10 
= 
-6,SA 


Resistance 
<D 


gls 
Forward 
Transconductance 
<;) 
2.0 
3.7 
- 
S(O) 
VOS > 10(on) x ROS(on) max., 10 = 
-6.SA 


Ciss 
.Input 
Capacitance 
400 
500 
- 
pF 
VGS • 
OV, VOS • 
-2SV, 
f 
• 
1.0 MHz 


Coss 
Output 
Capacitance 
100 
300 
- 
pF 
See 
Fig. 
10 


Crss 
Reverse 
Transfer 
Capacitance 
SO 
100 
- 
pF 


Id(On) 
T,:,rn.()n 
Delay 
Time 
- 
30 
60 
ns 
VOO = -3SV, 10 = 
- 7,OA, Zo = SOO 


Ir 
Rise 
Time 
- 
70 
140 
ns 
See Fig, 17 


Id(olf) 
Turn-Off 
Delay 
Time 
- 
70 
140 
ns 
(MOSFET 
switching 
times 
are 
essentially 


If 
Fall 
Time 
- 
70 
140 
ns 
independent 
of operating 
temperature.) 


Og 
Total 
Gate 
Charge 
- 
2S 
4S 
nC 
VGS = 
-lSV, 
10 = 
-15A, 
VOS 
:: 
0.8 
Max. 
Rating. 


(Gate-Source 
Plus 
Gate·Orain) 
See 
Fig. 
18 for test 
circuit. 
(Gate 
charge 
is essentially 


Ogs 
Gate-Source 
Charge 
- 
13 
23 
nC 


independent 
of operating 
temperature.) 


Ogd 
Gate-Drain 
("Miller") 
Charge 
- 
12 
22 
nC 


LO 
Internal 
Drain 
Inductance 
- 
S,O 
- 
nH 
Measured 
between 
Modified 
MOSFET 


the 
contact 
screw 
on 
symbol 
showing 
the 


header 
that 
is closer 
to 
internal 
device 
0 


source 
and 
gate 
pins 
'M'__ 
~ 


and 
center 
of die. 
lO 


LS 
Internal 
Source 
Inductance 
- 
12,S 
- 
nH 
Measured 
from 
the 


source 
pin, 
6 mm 
G 


(0.25 
in.) 
from 
header 
lS 


and 
source 
bonding 


pad. 
s 


R/l'C 
Junction·to-Case 
- 
- 
1,67' 
·C/W 


RBC_ 
Case-to-Sink 
- 
0,1 
- 
·C/W 
Mounting 
surface 
flat, 
smooth, 
and 
greased. 


R8'A 
Junction-to-Ambient 
- 
- 
30 
·C/W 
Typical 
socket 
mount 


Parameter 
Min. 
Typ, 
Max, 
Units 
'-~-~- 
- 
IS 
Continuous 
Source 
Current 
- 
- 
-11' 
A 
Modified MOSFET symbol 


(Body Diode) 
showing 
the 
integral 


reverse 
P-N 
junction 
rectifier. 
G 


ISM 
Pulse 
Source 
Current 
(Body 
Diode) 
CD 
- 
- 
-50 
A 


VSO 
Diode 
Forward 
Voltage 
<;) 
- 
- 
-l,S 
V 
TC • 
2S·C, IS' 
-l'A, 
VGS _ OV 
s- 


I" 
Reverse 
Recovery 
Time 
- 
250 
ns 
TJ 
= 2S·C, IF • 
- 11A, dlF/dl 
- 
-100 AI~. 


°RR 
Reverse 
Recovered 
Charge 
- 
1.8 
- 
~C 
TJ • 
2S·C, IF = 
-llA, 
dlF/dl 
• 
-100 AI~s 


ton 
Forward 
Turn-on 
Time 
Intrinsic 
turn-on 
time 
is negligible. 
Turn-on 
speed 
is substantially 
controlled 
by 
LS 
+ 
Lo . 


• JEOEC 
Registered 
Value 


<D 
Pulse Tesl: Pulse widlh" 
300,,", Duly Cycle" 
2%, 


<ID 
Repetitive 
Rating; 
Pulse 
width 
limited 
by 
max. 
junction 
temperature, 
See 
Transient 
Thermal Impedance 
Curve 
(Fig. 
5). 


<ID 
Voo = 2SV, Starling 
T, = 2S·C, L = 6,2 mH, 


H. = 2S0, Peak 1, = 11 A, (See Fig. , Sand 
16). 
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VOLTAGE 
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92CS-"'3301 


5 
10-3 
2 
5 
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5 
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t,. SQUARE 
WAVE 
PULSE 
DURATION 
(SECONDS) 
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Ciss = Cgs + Cgd· Cds SHORTED 


800 \ 


Crss = C9d 
~ 
Cgs Cgd 


w 
,\\ 


Coss = Cds + Cgs + Cgd 


U 
600 
J::::Cds+ Cgd 
Z 
~ 
__ 
CiSS 


'"... 
u 
\ 
.....,'C~.S 
'".. 400 
'" 
\ 
r-- 
U 
-- 
U 
- 
200 
~ 


Iii> 
100 
w 
6 


0: · 


W.. 


TJ 
150'C 
~ 
:I;~ , 
;y:/' 
I 
... 
Z 
-10 
w 
8 
0: 
0: 
• 
:> · 


U 
Z 
""-- 
TJ=d5·C 
;j , 
0: 
/ 
/ 
I 
0 
w -1.0 
'" 
• 
0: 
• 
W> · 
=1 


w0: 
I 
.. , 
0 
I 
I 
I 
I 
- 
-0.1 


w 
2.2 
U 
Z 
'"... 
'" 
1.8 
;;; 
w 
./ 
0: 
Z 
/" 
00 
W 
W 1.4 
,/ 
UN 
./" 
g~ 
",:I; 
./ V 
.0: 
001.0 
~~ 
./ ---- 
;j 
---- 
0: - 


0 
O.a 
VGS = -10 
V_ f-- 


< 
10 = -4 
A 
0 
, 


iii0 
0: 
0.2 


in 
O\. 
10=-15A 
s 
\ 


FOR TEST CIRCUIT 


0 
SEE FIGURE 18 
~ 
-5 
w 
1'- 
I 
I 
"'" 
~ 
I 
s 
0 
-10 
> 
- 
_r---VOS 
= -80 V 
w 
U0: 
YoS=-50Y~~ 
:> 
0 
-lS 
'"6 
vos = -20 
y/ 
.,. 
w... 
'" 
-20 
"••" 
> 
-25 


1.0 


_lyG.l_,oly 
-- 


z 
0.8 
0 
w 
U 
- 


'" 
<Il 
" ,. 
o :r 0.• 
<Il 
0 
6;; 
':"u 
---- 
z z 
~ ;! 
~ 
~ 
0.4 
/ 


.<Il%~ 
- --- 
VGS - 
-20 
V___ 
...... 
iii 
0 
0.2 
'" 
ROS(on) MEASURED 
WITH CURRENT 
PULSE OF 2.0,..S 
DURATION. 
INITIAL 
TJ = 25·C 
(HEATING 
- 


EFFECT 
OF 2.0,..S 
PULSE IS MINIMAL) 


100 


90 
in~ 80 
.. 
- " 
~ 70 
Z0 
60 
;: 
"- 
..... 


50 
;;; 
"- 


<Il 
C 
40 
'" 
"" 
W~ 30 
"'" 
0... 
6 
20 
... 
"'" 


10 


~ 


PULSE WIDTH 


VGS(ON)+'OV 
90% 
90% 


INPUT 
50% 
~O% 


VGSIOFFIOV'O% 
'0% 


~~;~~r~iSE 
INPUT 
PULSE 
FAll 
TIME 


Idlonl\Ttr 
Id(Ollll~19tor% 
VDS (OFF) 
_ 


'O%~90% 
'0% 


-11 
.•••.....•r-.... 


: -I.' 


•...•..••..• 


::i 


..•.... 


"'- 
.. 
""- 
,... 
j: -8 .• 
""'" 
~ 
'" 
" 


'"" 
U -4.4 
"- 


z 
C 
'" 
\ 
09-2.2 
\ 


0 


'P 
Lovr---1 


VGS=-'03-SI 


-VDS 
ISOLATED 
SUPPLY 


0-,----r:1 


~~.5mA ,- 


10 
CURRENT 
SAMPLING 
RESISTOR 


IG 
CURRENT 
SAMPLING 
RESISTOR 


...• ~ 
w ••• 
Zen 
ZCI 
c:E 
:Ca:: 
Uw 
d.~ 
~ 


m HARRIS 


• -6.5A, -100V 


• rDS(on) = 0.300 


• Single Pulse Avalanche Energy Rated 


• SOA is Power-Dissipation 
Limited 


• Nanosecond Switching Speeds 


• Linear Transfer Characteristics 


• High Input Impedance 


Description 


The 2N6849 is an advanced power MOSFETdesigned, tested, and 
guaranteedto withstand a specified levelof energy in the breakdown 
avalanche mode of operation. This is a p-channel enhancement- 
mode 
silicon-gate 
power 
field-effect 
transistor 
designed 
for 
applications such as switching regulators, switching converters, 
motor drivers, relay drivers, and drivers for high-power 
bipolar 
switching transistors requiring high speed and low gate-drive power. 
This type can be operated directly from integrated circuits. 


The 2N6849 is supplied in the JEDEC TO-205AF (Low Profile 
TO-39) metal package. 


2N6849 


Avalanche-Energy- Rated 


P-Channel Power MOSFETs 


TO-205AF 
BonOM 
VIEW 


SOUTIRCE . 
. GATE 


DRAIN 
(CASE) 


Terminal Diagram 


P-CHANNEL ENHANCEMENT MODE 


Orain-Source 
Voltage. 
. . . • • . . . . . . . . . . . . . . . • . . . . . . . . • • . • • • . . . . . .. 
VOS 
Drain-Gate 
Voltage (RGS = 20kO) 
VOGR 
Continuous 
Orain Current 
TC = +250C 
................•...•.••........•••.•.........•••.• 
10 
TC = +100oC 
.....•......•.....•............................... 
10 
Pulsed Orain Current (Note 2) .................•••••.......•••••••. 
IOM 
Gate-Source 
Voltage 
......••....••••........................... 
VGS 
Maximum Power Dissipation 
TC = +250C (See Figure 14) .................••••.•.....•...••••. 
Po 
Above TC = +250C, Derate Linearly (See Figure 14) 
. 
Single Pulse Avalanche 
Energy (Note 3) •••......••••.•.........•.•. 
EAS 
Operating 
and Storage Junction Temperature 
Range ••.......... 
TJ, TSTG 
Maximum Lead Temperature 
for Soldering 
.....................•••... 
TL 
(0.063" (1.6mm) from case for 1Os) 


*JEDEC 
registered values 


1. Pulse Test: Pulse width 5. 300~s, Duty Cycle S 2% 


2. Repetitive Rating: 
Pulse width limited by maximum junction temperature. 
See Transient Thermal Impedance 
Curve (Figure 5) 


3. Vaa = 25V. Starting 
TJ = 25°C, 
L = 17.25mH, 
RG = 250, 
Peak 
IL = 6.5A, (See Figure 15 and 16) 


2N6849 


-100' 
-100' 


-6.5' 
-4.1' 
-25' 
±20' 


25' 
0.2' 
SOO 
-55to 
+150' 
300 


UNITS 


V 
V 


W 
W;oC 
mJ 
°C 
°C 


Parameter 
Min. 
Typ. 
Max. 
Units 
Test Conditions 


BVoSS 
Drain-Source Breakdown Voltage 
-100' 
- 
- 
V 
VGS • OV, '0 
- 
25O~ 


VGS(th) 
Gate Threshold Voltage 
-2.0' 
- 
-4.0' 
V 
VoS 
• 
VGS, '0 
= 
-0.25mA 


'GSS 
Gate-Source Leakage Forward 
- 
- 
-100 
nA 
VGS' 
-2OV 


'GSS 
Gate-Source leakage 
Reverse 
- 
- 
100 
nA 
VGS • 
20V 


'OSS 
Zero Gate Voltage Drain Current 
- 
- 
-0.25' 
~ 
VoS • 
Max. Rating, VGS - 
OV 


- 
- 
-1000 
~ 
VoS 
• 
Max. Rating x 0.8, VGS = OV, TC = 125°C 


VoS(on) 
On-State Drain Voltage 0 
- 
- 
-2.1 
V 
VoS > 10(on)RoS(on)max., VGS • 
-10V, 10 • 
6.5A 


RoS(on) 
Static Drain-Source on·State 
- 
- 
0.30' 
n 
VGS· 
-lOV, 
10 • 
-4.1A 
Resistance 0 


gfs 
Forward Transconductance 0 
2.5 
3.5 
7.5 
S(O) 
VoS 
• 
-5V, lo(on) 
x RoS(on) max., 10· 
-4.1A 


Ciss 
Input Capacitance 
- 
500 
- 
pF 
VGS - 
OV, VoS - 
-25V, 
f = 1.0 MHz 


Coss 
Output Capacitance 
- 
300 
- 
pF 
See Fig. 10 


Crss 
Reverse Transfer capacitance 
- 
100 
- 
pF 


td(on) 
Turn-Qn Delay Time 
- 
30 
60 
ns 
Voo = -42V, '0 
• 
-4.1A, 
Zo • 
50n 


I, 
Rise Time 
- 
70 
140 
ns 
See Fig. 17 


td(otf) 
Turn-Off Delay Time 
- 
70 
140 
ns 
(MoSFET 
switching times are essentially 


tf 
Fall Time 
- 
70 
140 
ns 
independent of operating temperature.) 


Qg 
Total Gate Charge 
- 
25 
45 
nC 
VGS - 
-15V, 
'0 
= 
- 15A. VOS "" 0.8V Max. Rating. 


(Gate--Source Plus Gate-Drain) 
see Fig. 18 for test circuit. (Gate charge is essentially 


Qgs 
Gate-Source Charge 
- 
13 
23 
nC 
independent of operating temperature.) 


Qgd 
Gate--Orain ("Miller") Charge 
- 
12 
22 
nC 


Lo 
Internal Drain Inductance 
- 
5.0 
- 
nH 
Measured from the 
Modified MoSFET 
drain lead, 
.._._~ 
5mm (0.2 in.) 
internal device 


from header to 
inductances. 
lO 
center of die. 


LS 
Internal Source Inductance 
- 
15 
- 
nH 
Measured from the 
source lead, 5 mm 
G 
(0.2 in.) from header 
LS 


to source bonding 
pad. 


S 


o 


Test Condtttons ~'- 


Mod.fled MOSFET symbol 
- 
showing the Integral 
reverse PANJunettonrectifier 


TC • 
25°C, 'S • 
-65A, 
VGS ~ OV 
- 
s- 
TJ • 25°C, IF • 
- 6.5A, dlF/dt • 
100 AI~s 


TJ • 25°C, IF - 
- 6.5A, dlF/dt • 
100 AI~s 


Min. 
Typ. 
Max. 
Units 
- 
- 
-6.5' 
A 


- 
- 
-25 
A 
- 
- 
-1.5 
V 
- 
- 
250 
ns 
- 
1.8 
- 
~C 


ISM 
Pulse Source Current (Body Diode) a> 


VSO 
Diode Forward Voltage <D 


trr 
Reverse Recovery Time 


0RR 
Reverse Recovered Charge 


•JEDEC Registered Value 


CDPulse Test: Pulse width ~ 300/lS, 
Duty Cycle ~ 2%. 


(2) Repetitive Rating: Pulse width limited by max. junction 
temperature. 


See Transient Thermal 
Impedance 
Curve (Fig. 5). 


a> Voo = 25V, starting TJ = 25°C, L = 17.25 mH, 


RG = 250, Peak Ie = 6.5A. (See Fig. 15 and 16) 
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1. DUTY FACTOR. 
0 = t,/t2 


2. ~E:~~~~~~~;.= R8JC 
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Fig. 13 - Maximum 
Drain Current 
Vs. Case Temperature 
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mHARRIS 


• -4.0A, -200V 


• rDS(on) 
= 0.80n 


• Single 
Pulse 
Avalanche 
Energy 
Rated 


• SOA 
is Power-Dissipation 
Limited 


• Nanosecond 
Switching 
Speeds 


• Linear 
Transfer 
Characteristics 


Description 


The 2N6851 
is an advanced 
power 
MOSFET 
designed, 
tested, 
and 
guaranteed 
to withstand 
a specified 
level of energy 
in the breakdown 


avalanche 
mode 
of operation. 
This 
is a p-channel 
enhancement- 


mode 
silicon-gate 
power 
field-effect 
transistor 
designed 
for 


applications 
such 
as 
switching 
regulators, 
switching 
converters, 
motor 
drivers, 
relay 
drivers, 
and 
drivers 
for 
high-power 
bipolar 


switching 
transistors 
requiring 
high speed 
and low gate-drive 
power. 


This type 
can be operated 
directly 
from 
integrated 
circuits. 


The 
2N6851 
is 
supplied 
in the 
JEDEC 
TO-205AF 
(Low 
Profile 


TO-39) 
metal 
package. 


2N6851 


Avalanche-Energy-Rated 


P-Channel Power MOSFETs 


TO-205AF 
BonOMVlEW 


SOUTIRCE 
0 
GATE 


o 
0 


DRAIN 
(CASE) 


Terminal Diagram 


P-CHANNEL 
ENHANCEMENT 
MODE 


o 


G~ 


Drain-Source Voltage. 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 
VoS 


Drain-Gate Voltage (RGS = 20kO) 
VoGR 


Continuous Drain Current 


TC = +250C 
, 
10 


TC =+1000C 
10 
Pulsed Drain Current (Note 2) 
10M 


Gate-Source Voltage 
VGS 


Maximum Power Dissipation 
TC = +250C (See Figure 14) 
Po 


AboveTc 
= +250C, Derate Linearly (See Rgure 14) 
. 


Single Pulse Avalanche Energy (Note 3) 
EAS 
Operating and Storage Junction Temperature Range 
TJ, TSTG 


Maximum Lead Temperature for Soldering 
TL 


(0.063" (1.6mm) from case for 10s) 


*JEDEC 
registered 
values 


,. 
Pulse Test: Pulse wtdth :s. 300~s, Duty Cycle ~ 2%. 


2. Repetitive 
Rating: 
Pulse width 
limited 
by maximum 
junctton 
temperature, 


see Transient 
Thermal 
Impedance 
Curve (Figure 
5). 


3. VOO = 50V, Starting 
TJ = 25°C, 
L = 46.9mH, 
RG = 250, 
Peak IL = 4.0A, 
(See Figure 
15 and 16). 


2N6851 


-200' 
-200' 


-4.0' 
-2.4' 
-20' 
±20' 


25' 
0.2' 
500 
-55 to +150' 


300 


UNITS 


V 
V 


W 


WJOC 
mJ 
°C 
°C 


~ 
-,,,, 
...... 
zU) 
zQ 
ce=e 
:Ca: 
u ••• 
d.~ 
a. 


Parameter 
Min. 
Typ. 
Max. 
Units 
Test Conditions 


BVOSS 
Drain·Source Breakdown Voltage 
-200' 
- 
- 
V 
VGS • 
OV. 10 • 
1.0mA 


VGS(th) 
Gate Threshold VoUage 
-2.0' 
- 
-4.0' 
V 
VOS : 
VGS. 10 • 
-0.25mA 


IGSS 
Gate-Source Leakage Forward 
- 
- 
-100 
nA 
VGS = 
-20V 


IGSS 
Gate-Source Leakage Reverse 
- 
- 
100 
nA 
VGS • 
20V 


lOSS 
Zero Gate Voltage Drain Current 
- 
- 
-0.25' 
IlA 
VDS = Max. Rating, VGS • 
OV 


- 
- 
-1000 
IlA 
VOS • 
Max. Rating x 0.8. VGS = OV. TC = 125°C 


VOS(on) 
On-State Drain Voltage 
CD 
- 
- 
-3.3 
V 
VOS > 10(on) x ROS(on) max.• VGS • 
- 'OV. 10 • 
-4.0A 


ROS(on) 
Static Drain-Source On-State 
- 
- 
0.80' 
(] 
VGS' 
-10V.10 
• 
-2.4A 
Resistance 
<Ii 


gfs 
Forward Transconductance 6) 
2.2 
3.5 
-6.6 
S(O) 
VOS: 
- 5V x ROS(on)max.. 10 • 
-2.4A 


Ciss 
Input Capacitance 
400 
550 
- 
pF 
VGS • 
OV. VOS • 
-25V. 
f 
: 
1.0 MHz 


CosS"' 
Output Capacitance 
50 
170 
- 
pF 
See Fig. 10 


Crss 
Reverse Transfer Capacitance 
40 
50 
- 
pF 


tdlon) 
Turn·On Delay Time 
- 
30 
50 
ns 
VOO ~ -95V. 10 • 
- 2.4A. Zo - 
500 


I, 
Rise Time 
- 
50 
100 
ns 
See Fig. 17 


Id(olt) 
Turn-Off Delay Time 
- 
50 
80 
ns 
(MOSFET switching times are essentially 


tf 
Fall Time 
- 
40 
80 
ns 
independent of operating temperature.) 


Og 
Total Gate Charge 
- 
31 
45 
nC 
VGS' 
-15V. 
10 • 
- 8.0A, VOS • 
O.~ Max. Raling. 


(Gate-Source Plus Gate·Drain) 
See Fig. 18 for test circuil. (Gate charge is essentially 


Ogs 
Gate-Source Charge 
- 
18 
23 
nC 
independent of operating temperature.) 


°gd 
Gate-Drain ("Miller") Charge 
- 
13 
22 
nC 


LO 
Internal Drain Inductance 
- 
5.0 
- 
nH 
Measured from the 
Modified MOSFET 
drain lead, Smm 
symbol showing the 
(0.2 in.) from header 
internal device 
0 
to center of die. 
~~..~ ~ 
LO 


LS 
Internal Source Inductance 
- 
15 
- 
nH 
Measured from the 
source lead,S mm 
G 
(0.2 in.) from header 
LS 
to source bonding 
pad. 
s 


Parameter 
Min. 
Typ. 
Max. 
Units 
Teat Conditions 
0- 


IS 
Continuous Source Current 
- 
- 
-4.0· 
A 
Modified MOSFET symbol .=€f 


(Body Diode) 
shOWIng the Integral 
reverse P-N Junctionrectifier 


ISM 
Pulse Source Current (Body Diode) ® 
- 
- 
-20 
A 


VSO 
Diode Forward Voltage <D 
- 
- 
-1.5 
V 
TC • 
25°C. IS • 
s- 
-40A, 
VGS • 
OV 


t" 
Reverse Recovery Time 
- 
- 
400 
ns 
TJ • 
25°C, IF - 
-'.OA, 
dlF/dt • 
-100 AI~s 


°RR 
Reverse Recovered Charge 
- 
2.6 
- 
~C 
TJ • 
25°C, IF • 
-4.0A, 
dlF'dt 
• 
-100 AI~s 


ton 
Forward Turn-on Time 
Intrinsic turn-on time is negligible. Turn-on speed is substantially controlled by LS + LD. 


•JEDEC 
Registered 
Value 


(j) Pulse 
Test: 
Pulse 
width';; 
300fJS, Duty 
Cycle';; 
2%. 


~ 
Repetitive 
Rating: 
Pulse 
width 
limited 
by max. junction 
temperature. 


See Transient 
Thermal 
Impedance 
Curve 
(Fig. 
5). 


~ Voo = 50V, starting 
TJ = 25° C, L = 46.9 mH, 


RG = 250, 
Peak 
Ie = 4.0A. 
(See Fig. 
15 and 
16) 
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~ 
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0.5 
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Nw:E 
ffi 0.02 
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10-52 
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5 
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5 
10-1 
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11. SQUARE 
WAVE 
PULSE 
DURATION 
(SECONDS) 


1.00 


Vi 
80 I-lS PULSE 
TEST 


Z 
VOS > 10(on) x RDS(on) 
max. 
.. 
~ 
5.60 
t--~S·C 
~.. 
- 
t = 2~·C 


U 
....- 
~ 
4.20 
/ 
~ 
U:> 
/ 
Q 
TJ=12S·C 
~ 
2.80 II '/ 
U 
'"z 
III 
: 
~ 
1.40 IV 
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0 •• 
'":"0 0.95 V 
Z 
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Q> 
•• 
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'"0 
>.. 


0.75 


Ciss = Cg5 + Cgd. Cds SHORTED 


Crss = Cgd 


Cgs 
Cgd 
Coss = Cds + Cgs + Cgd 


~Cds 
+ Cgd 
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FOR TEST CIRCUIT 
0 
see 
FIGURE 18 
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WITH CURRENT 
PULSE OF 2.0 •••5 
DURATION. 
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- 


1.. 
EFFECT 
OF 2.0 J,lS PULSE IS MINIMAL) 
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PULSE WIDTH 


VGS (ONI + 10 V 
90% 
90% 
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':5:1%% 
INPUT PULSE ~01:% 
RISE TIME 
INPUT 
PULSE 
FAll 
TIME 
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-1 
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Lovr-----l 


VGs=-,oLj 
! 


-vos 
ISOLATED 
SUPPLY 


0-,----r:1 


L-..J:2.5 mA 
f 
'0 
CURRENT 
SAMPLING 
RESISTOR 


'G 
CURRENT 
SAMPLING 
RESISTOR 


• -1.16A, -100V 


• rDS(on) = 3.650 


• SOA is Power-Dissipation 
Limited 


• Nanosecond Switching Speeds 


• Linear Transfer Characteristics 


• High Input Impedance 


• Majority Carrier Device 


TO-205AF 
BonOM 
VIEW 


SOUTIRCE. 
. GAT< 


DRAIN 
(CASE) 


Description 


The 2N6895 is a P-channel enhancement-modesilicon-gate power 
Terminal Diagram 
MOS field-effect 
transistor designed for applications such as 
switching converters, motor drivers, relay drivers, and drivers for 
P-CHANNEL 
ENHANCEMENT 
MODE 
high-power bipolar switching transistors requiring high speed and 
low gate-drive power. This type can be operated directly from 
0 
integrated circuits. 


Drain-Source 
Voltage ...............•........•.........•••••••• 
VOSS 
Drain-Gate 
Voltage (RGS = 1MO) ........................•...... 
VDGR 
Continuous 
Drain Current 
RMS Continuous 
.......................•.•••......•.•.•••••••.. 
10 
Pulsed Drain Current. 
...•••.....•••.....•••••.•...•....•••..... 
10M 
Gate-Source 
Voltage 
.......................................•••• 
VGS 
Maximum Power Dissipation 
TC = +2SoC 
..........................................•.•.•.... 
Po 
Above TC = +2S0C, Derate Linearly 
. 
Operating 
and Storage Junction Temperature 
Range .•......•••• 
TJ' TSTG 
Maximum Lead Temperature 
for Soldering 
TL 
(At distances?: 
Va"(3.17mm) from seating plane for 10s max) 


2N6895 


-100' 
-100' 


UNITS 


V 
V 


-1.16' 
-S' 
±20' 


8.33' 


0.0667' 
-SSto 
+1S0' 
260 


W 
W;oC 
oC 
°C 


CHARACTERISTIC 
TEST CONDITIONS 
LIMITS 
UNITS 
Min. M8•• 


Drain-Source 
Breakdown 
Voltage 
BVoss 
10- 1 mA, Vas - 0 
-100 
- 
V 


Gate Threshold 
Voltage 
Vas(th) 
Vas = Vos. 10= 0.25 mA 
-2 
-4 
V 


Zero Gate Voltage Drain Current 
loss 
Vos = -80 V 
- 
1 
IJA 
Tc - 125°C. Vos - -80 V 
- 
50 
Gate-Source 
Leakage Current 
lass 
Vas - ±20 V. Vos - 0 
- 
100 
nA 


Drain-Source 
On Voltage 
Vos(on)8 
10- 0.74 A. Vas - -10 V 
- 
2.7 
V 
10= 1.16 A, Vas = -10 V 
- 
6 
Static Drain-Source 
On Resistance 
ros(on)8 
10= 0.74 A, Vas = -10 V 
- 
3.65 
0 
Tc = 125°C, 10= 0.74 A, Vas = 10 V 
- 
5.66 
Forward Transconductance 
g••8 
Vos = -10 V, 10= 0.74 A 
200 
800 
mho 
Input Capacitance 
Cloa 
Vos - -25 V 
40 
150 
Output Capacitance 
Con 
Vas = 0 V 
20 
80 
pF 
Reverse Transfer Capacitance 
C". 
f = 1 MHz 
7.5 
30 
Turn-On 
Delay Time 
t.(on) 
Vos = -50 V 
- 
25 
Rise Time 
t, 
10= 0.74 A 
- 
45 
ns 
Turn-Off 
Delay Time 
t.(off) 
R•• n = R•• = 150 
- 
45 
Fall Time 
tf 
Vas = -10 V 
- 
50 
Thermal Resistance Junction-to-Case 
R8Jc 
- 
15 
°C/W 


CHARACTERISTIC 
TEST CONDITIONS 
LIMITS 
UNITS 
Min. M8., 
Diode Forward Voltage 
Vs08 
Iso - 1.16 A 
0.8 
1.6 
V 
Reverse Recovery Time 
t" 
IF- 4 A, d'Fldt - 50 AI IJS 
- 
340 
ns 


~ 
...• 
w 
w ••• 
zu> 
zO 
<2: 
::Ca: 
Uw 
d.~oa. 
"In accordance 
with JEDEC registration 
data. 


8Pulsed: 
Pulse duration 
= 300 IJSmax., duty cycle = 2% 
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1.5 
zo 
'"u 
a: 
::>o 
:;:",10 
,..0 
,2~~ 
iI!'" 
o00.5 
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Fig. 4 - Typical normalizad 
drain-to-source 
on resistance to 
junction 
temperature. 
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Fig. 6 - Typical drain-to-source 
on resistance as a function 
of 
drain current. 
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Fig. 3 - Typical normalized 
gate threshold voltage as a 
function 
of junction 
temperature. 
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Fig. 8 - Typical forward transconductance 
as a function 
of 
drain current. 
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al HARRIS 
2N6896 


P-Channel Enhancement-Mode 


Power MOS Field-Effect Transistors 


• -6A, -100V 


• rDSlon) = 0.60 


• SOA is Power-Dissipation 
Limited 


• Nanosecond Switching Speeds 


• Linear Transfer Characteristics 


TO-204AA 
BOTTOM 
VIEW 


DRAIN 
SOU~LANGE)o 
GATE 


Description 


The 2N6896 is a P-channel enhancement-mode silicon-gate power 
Terminal Diagram 
MOS field-effect transistor designed for high-speed applications 
such as switching regulators,switching converters, relaydrivers,and 
P-CHANNELENHANCEMENTMODE 
drivers for high-power bipolar switching transistors. 


Drain-Source 
Voltage .............................•.•••••.....• 
VOSS 
Drain-Gate 
Voltage {RGS = 1MOl 
....•.......................... 
VDGR 
Continuous 
Drain Current 
RMS Continuous 
.....................................••••.•.... 
10 
Pulsed Drain Current. 
.........••...•••••.....••................ 
IDM 
Gate-Source 
Voltage 
.............................•............. 
VGS 
Maximum Power Dissipation 
TC = +250C 
..•.....................................•••........ 
Po 
AboveTc 
= +250C, Derate Linearly 
••••.....•...................... 


Operating and Storage Junction Temperature 
Range •••......... 
TJ' TSTG 
Maximum Lead Temperature 
for Soldering 
•.......•.•••......•....... 
TL 
(At distances? 
Yo" (3.17mm) from seating plane for 10s max) 


2N6896 


-100' 
-100' 


UNITS 


V 
V 


-6' 
-20' 
±20' 


60' 
O.4S' 
-55to 
+150' 
260 


W 
W{JC 
oC 
oC 


CHARACTERISTIC 
TEST CONDITIONS 
LIMITS 
UNITS 
Min. M8X. 
Drain-Source 
Breakdown 
Voltage 
BVoss 
10- 1 mA, Vos = 0 
-100 - 
V 
Gate Threshold 
Voltage 
Vos(th) 
Vos = Vos, 10= 0.25 mA 
-2 
-4 
V 
Zero Gate Voltage Drain Current 
loss 
Vos - -80 V 
- 
1 
pA 
Tc = 125'C, Vos = -80 V 
- 
50 
Gate-Source 
Leakage Current 
loss 
Vos = ±20 V, Vos = 0 
- 
100 
nA 
Drain-Source 
On Voltage 
Vos(on)- 
10= 3.8 A, Vos = -10 V 
- 
2.28 
V 
10-6A, 
Vos=-10V 
- 
-6 
Static Drain-Source 
On Resistance 
ros(on)- 
10- 3.8 A, Vos = -10 V 
- 
0.6 
0 
Tc = 125'C, 
10= 3.8 A, Vos - 10 V 
- 
0.96 
Forward Transconductance 
glo- 
Ves = -10V, 
10= 3.8A 
1 
4 
mho 
Input Capacitance 
C'N 
Ves = -25 V 
200 
800 
Output Capacitance 
C••• 
Vos = 0 V 
100 
350 
pF 
Reverse Transfer Capacitance 
C••• 
f = 0.1 MHz 
40 
150 
Turn-On 
Delay Time 
t.(on) 
Ves - -50 V 
- 
60 
Rise Time 
t, 
10= 3.8A 
- 
100 
ns 
Turn-Off 
Delay Time 
t.(off) 
R.on = R•• = 150 
- 
150 
Fall Time 
t, 
Vos = -10 V 
- 
100 
Thermal 
Resistance Junction-to-Case 
R/iJc 
- 
.083 'CIW 


CHARACTERISTIC 
TEST CONDITIONS 
LIMITS 
UNITS 
Min. M8X. 
Diode Forward Voltage 
Vso- 
Iso-12A 
0.8 
1.6 
V 
Reverse Recovery Time 
too 
IF- 4 A, d'Fldt - 50 Alps 
- 
375 
ns 


~ 


-' 
w 
w'" 
z'" 
zCl 
<~ 
::ea: 
Uw 
cL3t 
Cl 
Q.. 
*In accordance 
with JEDEC registration 
data. 
-Pulsed: 
Pulse duration 
= 300 ps max., duty cycle = 2% 
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40696 


Fig. 4 - Typical normalized 
drain-to-source 
on resistance 
to 
junction 
temperatura. 
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Fig. 3 - Typical 
normalized 
gate threshold 
voltage as a 
function 
of junction 
temperature. 
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DURATION. 
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I) HARRIS 
2N6897 


P-Channel Enhancement-Mode 


Power MOS Field-Effect Transistors 


• -12A, 
-100V 


• rDS(on) 
= 0.30 


• SOA 
is Power-Dissipation 
Limited 


• Nanosecond 
Switching 
Speeds 


• Linear 
Transfer 
Characteristics 


• High 
Input 
Impedance 


• Majority 
Carrier 
Device 


Description 


The 2N6897 
is a P-channel 
enhancement-mode 
silicon-gate 
power 
MOS 
field-effect 
transistor 
designed 
for 
applications 
such 
as 
switching 
regulators, 
switching 
converters, 
motor 
drivers, 
relay 
drivers, 
and 
drivers 
for 
high-power 
bipolar 
sWitching 
transistors 
requiring 
high speed 
and low gate-drive 
power. 
This device 
can be 
operated 
directly 
from 
an integrated 
circuit. 


The 2N6897 
is supplied 
in the JEDEC 
TO-204AA 
metal 
package. 


TO-204AA 
BOnOM 
VIEW 


DRAIN 
SOU~LANGE)o 
GATE 


Terminal Diagram 


P-CHANNEL 
ENHANCEMENT 
MODE 


Drain-Source Voltage 
Voss 
Drain-Gate Voltage (RGS= 1MO) 
VDGR 
Continuous Drain Current 
RMS Continuous 
10 
Pulsed Drain Current 
IDM 
Gate-Source Voltage 
VGS 
Maximum Power Dissipation 
TC = +250C 
Po 
Above TC = +250C, Derate Linearly 
. 


Operating and Storage Junction Temperature Range 
TJ' TSTG 
Maximum Lead Temperature for Soldering 
TL 
(At distances ~ Yo" (3.17mm) from seating plane for 10s max) 


2N6897 


-100' 
-100' 


UNITS 


V 
V 


-12' 
-30' 
±20' 


100' 
0.8' 
-55 to +150' 
260' 


W 
w;oC 
oC 
oC 


CHARACTERISTIC 
TEST CONDITIONS 
LIMITS 
UNITS 
Min. Max. 
Drain-Source 
Breakdown 
Voltage 
BVoss 
10= 1 mA. Vas = 0 
-100 - 
V 


Gate Threshold 
Voltage 
Vas(th) 
Vas = Vos. 10= 0.25 mA 
-2 
-4 
V 
Zero Gate Voltage Drain Current 
loss 
Vos = -80 V 
- 
1 
pA 
Tc = 125°C. Vos = -80 V 
- 
50 


Gate-Source 
Leakage Current 
loss 
Vas - ±20 V. Vos - 0 
- 
100 
nA 


Drain-Source 
On Voltage 
Vos(on)a 
10=7.6A.Vas=-10V 
- 
2.28 
V 
10= 12A. Vas =-10V 
- 
-4.8 


Static Drain-Source 
On Resistance 
ros(on)a 
10= 7.6 A. Vas = -10 V 
- 
0.3 
Cl 
Tc = 125°C. 10= 7.6 A. Vas = 10 V 
- 
.465 


Forward Transconductance 
g,.a 
Vos - -10 V. 10= 7.6 A 
2 
8 
mho 
Input Capacitance 
C1•• 
Vos = -25 V 
400 
1500 
Output Capacitance 
Co•• 
Vas = 0 V 
200 
700 
pF 


Reverse Transfer Capacitance 
C••• 
f = 0.1 MHz 
60 
240 
Turn-On 
Delay Time 
to(on) 
Vos = -50 V 
- 
60 
Rise Time 
t, 
10= 7.6A 
- 
175 
ns 
Turn-Off 
Delay Time 
to(off) 
Rgon= Rg.= 15Cl 
- 
275 
Fall Time 
tf 
VGs=-10V 
- 
175 
Thermal Resistance Junction-to-Case 
RRJC 
- 
1.25 
°C/W 


CHARACTERISTIC 
TEST CONDITIONS 
LIMITS 
UNITS 
Min. Max. 
Diode Forward Voltage 
Vsoa 
Iso = 12 A 
0.8 
1.6 
V 
Reverse Recovery Time 
t" 
IF= 4 A. dlFldt = 100 Alps 
- 
500 
ns 


*In accordance 
with JEDEC registration 
data. 
apulsed: 
Pulse duration 
= 300 ps max., duty cycle = 2% 


6 
B 
4 
6 
8 
10 
100 


DRAIN 
-TO 
- SOURCE 
VOLTAGE 
(Vos)- 
V 


9ZCM-40(;94 


~ 
••• w 
w ••.. 
zu> 
zO 
<:E 
:%:a: 
Uw 
'~ 
ll..~ 


50 
100 
150 


CASE TEMPERATURE 
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mHARRIS 


• -25A, -100V 


• rDS(on) = 0.200 


• SOA is Power-Dissipation 
Limited 


• Nanosecond Switching Speeds 


• Linear Transfer Characteristics 


• High Input Impedance 


• Majority Carrier Device 


2N6898 


P-Channel Enhancement-Mode 


Power MOS Field-Effect Transistors 


TO-204AE 
BOTTOM 
VIEW 


DRAIN 
SOU~LANGE)o 
GATE 


Description 


The 2N6898 is a P-channel enhancement-modesilicon-gate power 
Terminal Diagram 
MOS field-effect transistor designed for applications such as 
switching regulators, switching converters, motor drivers, relay 
P-CHANNELENHANCEMENTMODE 
drivers, and drivers for high-power bipolar switching transistors 
requiring high speed and low gate-drive power.This device can be 
0 
operated directly from an integrated circuit. 


The 2N6898 is supplied in the JEDEC TO-204AE steel package. 


Drain-Source 
Voltage 
......•.....••.......••.•.........•.•••.•. 
VOSS 
Drain-Gate 
Voltage (RGS = 1MOl 
VDGR 
Continuous 
Drain Current 
RMS Continuous 
..••....•.•....••••............................ 
10 
Pulsed Drain Current 
IDM 
Gate-Source 
Vo~age 
•••....•................................... 
VGS 
Maximum Power Dissipation 
TC = +250C 
...................•.•..•.......................... 
Po 
Above TC = +250C, Derate Linearly 
..................•.......•.••.. 
Operating 
and Storage Junction Temperature 
Range ......•••... 
TJ' TSTG 
Maximum Lead Temperature 
for Soldering 
................•.......... 
TL 
(At distances ~ Va" (3.17mm) from seating plane for 10s max) 


2N6898 


-100* 
-100* 


UNITS 


V 
V 


-25* 
-60* 
±20* 


150* 
1.2* 
-55 to +150* 
260* 


W 
wfJC 
oC 
°C 


CHARACTERISTIC 
TEST CONDITIONS 
LIMITS 
UNITS 
Min. Max. 


Drain-Source 
Breakdown 
Voltage 
BVoss 
10= 1 mA, Vas = 0 
-100 - 
V 


Gate Threshold 
Voltage 
Vas(th) 
Vas = Vos, 10- 0.25 mA 
-2 
-4 
V 


Zero Gate Voltage Drain Current 
loss 
Vos - -80 V 
- 
1 
pA 
Tc = 125°C, Vos = -80 V 
- 
50 


Gate-Source 
Leakage Current 
loss 
Vas = ±20 V, Vos = 0 
- 
100 
nA 


Drain-Source 
On Voltage 
Vos(on)a 
10= 15.8 A, Vas = -10 V 
- 
3.16 
V 
10= 25A, Vas = -10V 
- 
-6 


Static Drain-Source 
On Resistance 
ros(on)a 
10= 15.8 A, Vas = -10 V 
- 
0.2 
n 
Tc = 125°C, 10= 15.8 A, Vas = 10 V 
- 
0.24 


Forward Transconductance 
g"a 
Vos = -10 V, 10= 15.8 A 
4 
16 
mho 


Input Capacitance 
C,•• 
Vos = -25 V 
- 
3000 
Output Capacitance 
C••• 
Vas = 0 V 
- 
1500 
pF 
Reverse Transfer Capacitance 
C••• 
f = 0.1 MHz 
- 
500 
Turn-On 
Delay Time 
td(on) 
Vos = -50 V 
- 
50 
Rise Time 
,. 
t, 
10=12.5A 
- 
250 
ns 
Turn-Off 
Delay Time 
to(off) 
Rgen = Rg• = 50 n 
- 
400 
Fall Time 
t, 
Vas = -10 V 
- 
250 
Thermal Resistance Junction-to-Case 
RRJC 
- 
0.83 
°C/W 


CHARACTERISTIC 
TEST CONDITIONS 
LIMITS 
UNITS 
MIn. Max. 


Diode Forward Voltage 
Vsoa 
Iso = 25 A 
0.8 
1.6 
V 
Reverse Recovery Time 
t" 
IF= 4 A, d,Fldt = 100 Alps 
- 
750 
ns 


"In accordance 
with JEDEC registration 
data. 


apulsed: 
Pulse duration 
= 300 ps max., duty cycle = 2% 


o 
50 
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200 
CASE 
TEMPERATURE 
(TCI-OC 
nCS-HZ31 
Fig. 2 - Power dissipation 
vs. temperature 
derating 
curve. 
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Fig. 4 - Typical 
normalIzed 
drain-to-source 
on resistance 
to 
junction 
temperature. 
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(II HARRIS 
IRF9130, IRF9131 
IRF9132, IRF9133 


Avalanche Energy Rated 


P-Channel Power MOSFETs 


Features 


• -lOA 
and 
-12A, 
-60V 
and 
-100V 


• rDS(ON) = 0.300 
and 
0.400 


• Single 
Pulse 
Avalanche 
Energy 
Rated 


• SOA 
is Power-Dissipation 
Limited 


• Nanosecond 
Switching 
Speeds 


• Linear 
Transfer 
Characteristics 


• High 
Input 
Impedance 


TO-204AA 
BOnOMVIEW 


DRAIN 
SOU~LANGE)o 
GATE 


Description 


The IRF9130, 
IRF9131, 
IRF9132 
and IRF9133 
are advanced 
power 
MOSFETs 
designed, 
tested, 
and 
guaranteed 
to 
withstand 
a 
specified 
level 
of 
energy 
in 
the 
breakdown 


avalanche 
mode 
of 
operation. 
These 
are 
p-channel 
enhancement-mode 
silicon-gate 
power 
field-effect 
transistors 
designed 
for 
applications 
such 
as 
sWitching 
regulators, 


switching 
converters, 
motor 
drivers, 
relay drivers, 
and drivers 
for 
high-power 
bipolar 
switching 
transistors 
requiring 
high 
speed and low gate-drive 
power. 
These types 
can be operated 
directly 
from 
integrated 
circuits. 


The 
IRF types 
are supplied 
in the 
JEDEC 
TO-204AA 
steel 
package. 


Terminal Diagram 


P-CHANNEL ENHANCEMENT MODE 


IRF9130 
IRF9131 
IRF9132 
IRF9133 


Drain-Source Voltage (1) ............................ 
VOS 
-100 
-60 
-100 
-60 
Drain-Gate Voltage (RGS = 20kCl) (1) ................ 
VOGR 
-100 
-60 
-100 
-60 
Continuous Drain Current 
TC = 250C ......................................... 
10 
-12 
-12 
-10 
-10 


TC = loooC 
....................................... 
10 
-7.5 
-7.5 
-6.5 
-6.5 


Pulsed Drain Current (3) .............................. 
IOM 
-48 
-48 
-40 
-40 
Gate-Source Voltage 
............................... 
VGS 
±20 
±20 
±20 
±20 


Maximum Power Dissipation ........................... 
Po 
75 
75 
75 
75 
(See Figure 14) 


UnearOerating Factor ................................... 
0.6 
0.6 
0.6 
0.6 
(See Figure 14) 
Single Pulse Avalanche Energy Rating (4) ............... 
Eas 
500 
500 
500 
500 
Operating and Storage Junction .................. 
TJ, TSTG 
-55to+150 
-55to+150 
-55to 
+150 
-55to+150 
Temperature Range 
Maximum Lead Temperature for Soldering ............... 
TL 
300 
300 
300 
300 
(0.063" (1.6mm) from case for 10s) 


NOTES: 


1. TJ = +250C 
to +1500C 


2. Pulse Tesl: 
Pulse width 
So 3001'S. Duty Cycle 
So 2% 


3. Repetitive 
Rating: 
Pulse width limited by max. junction 
temperature. 
See 


Transient 
Thermal 
Impedance 
Curve (Figure 
5) 


UNITS 


V 
V 


LIMITS 


CHARACTERISTIC 
SYMBOL 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Drain-Source 
Breakdown 
Voltage 
BVOSS 
VGS = OV,IO = -2501JA 
IRF9130,IRF9132 
-100 
- 
- 
V 


IRF9131,IRF9133 
-60 
- 
- 
V 


Gate Threshold Voltage 
VGSITHl 
VOS - VGS, 10 - -25O~A 
-2.0 
- 
-4.0 
V 


Gate-Source 
Leakage Forward 
IGSS 
VGS--20V 
- 
- 
-100 
nA 


Gate-Source 
leakage 
Reverse 
IGSS 
VGS-20V 
- 
- 
100 
nA 


Zero Gate Voltage Drain Current 
lOSS 
VOS = Max Rating, VGS = OV 
- 
- 
-250 
~A 


VOS = Max Rating x 0.8, VGS = OV, 
- 
- 
-1000 
IJA 
TC=+1250C 


On-State 
Drain Current (Note 2) 
10(ON) 
VOS> 
JO(ON) x rOS(ON) Max, VGS = -1 OV 
IRF9130,IRF9131 
-12 
- 
- 
A 


IRF9132,IRF9133 
-10 
- 
- 
A 


Static Drain-Source 
On-State 
rOS(ON) 
VGS - -10V,10 
- -6.5A 
Resistance (Note 2) 
IRF9130,IRF9131 
- 
0.25 
0.30 
0 


JRF9132,IRF9133 
- 
0.30 
0.40 
0 


Forward Transconductance 
(Note 2) 
9fs 
VOS> 
JOlON) x rOSIONl Max,IO - 
6.5A 
2 
3.7 
- 
Sm) 


Input Capacitance 
CISS 
VGS - OV,VOS - -25V, f - 1.0MHz 
- 
500 
- 
pF 


Output Capacitance 
COSS 
See Figure 10 
- 
300 
- 
pF 


Reverse Transfer Capacitance 
CRSS 
- 
100 
- 
pF 


Turn-On 
OelayTime 
tdlONl 
VOO -0.5 
BVOSS. 10 - -6.5A, Zo - 500 
- 
30 
60 
ns 


RiseTime 
tr 
See Figure 17. (MOSFET switching 
times 
- 
70 
140 
ns 


Turn-Off 
Delay Time 
'dIOFFl 
are essentially independent 
of operating 
- 
70 
140 
temperature.) 
ns 


Fall Time 
tf 
- 
70 
140 
ns 


Total Gate Charge 
Qg 
VGS - -10V,10 
- -15A, VOS - 0.8 Max 
- 
25 
45 
nC 
(Gate-Source 
+ Gate-Drain) 
Rating. See Figure 18 for test circuit 


Gate-Source 
Charge 
QgS 
(Gate charge is essentially independent 
of 
- 
13 
- 
nC 


Gate-Drain 
{"Miller") 
Charge 
Qad 
operating temperature.) 
- 
12 
- 
nC 


Internal Drain Inductance 
lO 
Measured between 
Modified MOSFET 
- 
5.0 
nH 
contact screw on 
symbol showing the 
header that is closer 
internal device 
to source & gate 
inductances. 


pins & center of die. 


~ 


Internal Source Inductance 
lS 
Measured from the 
- 
12.5 
- 
nH 
source pin, 6mm 
(0.25") from header & 
source bonding pad. 
LS 


S 


Junction-te-Case 
ROJC 
- 
- 
1.67 
ocrw 


Case-to-Sink 
ROCS 
Mounting surface flat, smooth and greased 
- 
0.1 
- 
°crw 
Junction-te-Ambient 
ROJA 
Typical socket mount 
- 
- 
30 
ocrw 


Continuous 
Source Current 
IS 
Modified MOSFET 


~ 


- 
- 
-12 
A 
(Body Diode) 
symbol showing the 


Pulse Source Current 
ISM 
integral reverse 
- 
- 
-48 
A 
(Body Diode) (Note 3) 
P-N junco rectifier. 


Diode Forward Voltage (Note 2) 
VSO 
TC = +250C,IS 
= -12A, VGS = OV 
- 
- 
-1.5 
V 
Reverse Recovery Time 
trr 
TJ - +1500C,IF 
-12A,dIF/dt-100N~s 
- 
300 
- 
ns 
Reverse Recovered 
Charge 
QRR 
TJ - +1500C,IF 
- -12A, dlF/dt - 100A/~s 
1.8 
- 
~C 
Forward Turn-on 
Time 
tON 
Intrinsic turn-on 
time is negligible. Turn-on 
- 
- 
- 
- 
speed is substantially 
controlled 
by lS + lO' 


NOTES: 
1. TJ = +250C 
to +1500C 
2. Pulse Test: 
Pulse width < 300us. 
Duty Cycle ~ 2% 


3. Repetitive Rating: 
Pulse width limited by max. 
junction 
temperature. 
See Transient 
Thermal 
Impedance 
Curve (Figure 5) 


4. VDD = 25V, Start TJ = +250C, 
L = 5.2mH, 
RG = 250, 
Peak IL = 12A (See Figures 
15 
and 16) 
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Ell HARRIS 
IRF9140, IRF9141 
IRF9142, IRF9143 


Avalanche 
Energy Rated 


P-Channel 
Power MOSFETs 


Features 


• -19A and -15A, -60V and -100V 


• rDSION) = 0.20n and 0.30n 


• Single Pulse Avalanche Energy Rated 


• SOA is Power-Dissipation 
Limited 


• Nanosecond Switching Speeds 


• Linear Transfer Characteristics 


• High Input Impedance 


TO-204AA 


BOTTOM VIEW 


DRAIN 


SOU~l.ANGE)o 
GATE 


Description 


The IRF9140, IRF9141, IRF9142 and IRF9143 are advanced 
power 
MOSFETs designed, tested, and 
guaranteed to 
withstand a specified level of energy in the breakdown 
avalanche 
mode 
of 
operation. 
These 
are 
p-channel 
enhancement-modesilicon-gate power field-effect transistors 
designed for 
applications such 
as switching 
regulators, 


switching converters, motor drivers, relay drivers, and drivers 
for high-power bipolar switching transistors requiring high 
speed and low gate-drive power.Thesetypes can be operated 
directly from integrated circuits. 


The IRF types are supplied in the JEDEC TO-204AA steel 
package. 


Terminal Diagram 


P-CHANNEL 
ENHANCEMENT 
MODE 


IRF9140 
IRF9141 
IRF9142 
IRF9143 


Drain-Source 
Voltage (1) ............•...•••••....... 
VOS 
-100 
-60 
-100 
-60 


Drain-Gate 
Voltage (RGS = 20kO) (1) ..........••...• 
VDGR 
-100 
-60 
-100 
-60 


Continuous 
Drain Current 


TC = 250C ................................•••••.... 
10 
-19 
-19 
-15 
-15 


TC = 1000C 
...•...••.....•••.....••••.......••••.• 
10 
-12 
-12 
-10 
-10 
Pulsed Drain Current (3) .•............................ 
10M 
-76 
-76 
-60 
-60 
Gate-Source 
Voltage 
•..••••...••••......•.......... 
VGS 
±20 
±20 
±20 
±20 


Maximum Power Dissipation 
.........•.....•••••.••..•. 
Po 
125 
125 
125 
125 


(See Figure 14) 


Un ear Derating Factor ......•.•....•••.•................. 
(See Figure 14) 
Single Pulse Avalanche 
Energy Rating (4) .....•......•.• 
Eas 
960 
960 
960 
960 
Operating 
and Storage Junction 
.............•..•. 
TJ, TSTG 
-55to+150 
-55to+150 
-55 to +150 
-55to+150 


Temperature 
Range 
Maximum Lead Temperature 
for Soldering 
............... 
TL 
300 
300 
300 
300 


(0.063" (1.6mm) from case for 10s) 


NOTES: 


1. TJ = +2SoC to +1S00C 


2. Pulse Test: 
Pulse width 
~ 300 •••• Duty Cycle S 2% 


3. Repetitive Rating: 
Pulse width limited by max. junction temperature. See 
Transient Thermal Impedance 
Curve (Figure 5) 
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LIMITS 


CHARACTERISTIC 
SYMBOL 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Drain-Source 
Breakdown 
Voltage 
BVOSS 
VGS = OV,IO = -2501JA 
IRF9140,IRF9142 
-100 
- 
- 
V 


IRF9141,IRF9143 
-60 
- 
- 
V 


Gate Threshold Voltage 
VGSCTHI 
VOS - VGS, 
10 - -2501JA 
-2.0 
- 
-4.0 
V 


Gate-Source 
leakage 
Forward 
IGSS 
VGS--20V 
- 
100 
nA 


Gate-Source 
leakage 
Reverse 
IGSS 
VGS-20V 
- 
- 
100 
nA 


Zero Gate Voltage Orain Current 
lOSS 
VOS - Max Rating, VGS - OV 
- 
- 
-250 
IJA 


VOS - Max Rating x 0.8, VGS - OV, 
- 
- 
-1000 
IJA 
TC=+1250C 


On-State 
Orain Current (Note 2) 
10(ON) 
VOS> 
10(ON) xrOS(ON) 
Max, VGS = -10V 
IRF9140,IRF9141 
-19 
- 
- 
A 


IRF9142,IRF9143 
-15 
- 
- 
A 


Static Orain-Source 
On-State 
rOS(ON) 
VGS - -10V,10 
- -10A 
Resistance (Note 2) 
IRF9140,IRF9141 
- 
0.15 
0.20 
n 


IRF9142,IRF9143 
- 
0.22 
0.30 
n 


Forward Transconductance 
(Note 2) 
9fs 
VOS> 
10(ON) x rOSION) Max, 10 = -10A 
5 
7 
- 
Sm) 


Input Capacitance 
CISS 
VGS = OV,VOS = -25V, f = 1.0MHz 
- 
1100 
- 
pF 


Output Capacitance 
COSS 
See Figure 10 
- 
550 
- 
pF 


Reverse Transfer Capacitance 
CRSS 
- 
250 
- 
pF 


Turn-On 
OelayTime 
td(ON\ 
VOO -0.5 
BVOSS,IO - -19A, RG - 9.1n 
- 
16 
20 
ns 


Rise Time 
tr 
See Figure 17. (MOSFET switching 
times 
- 
65 
100 
ns 


Turn-Off 
Oelay Time 
!dIOFFl 
are essentially independent 
of operating 
- 
47 
70 
temperature.) 
ns 


Fall Time 
tf 
- 
28 
90 
ns 


Total Gate Charge 
Og 
VGS - -1 OV,10 - -19A, VOS - 0.8 Max 
- 
70 
90 
nC 
(Gate-Source 
+ Gate-Orain) 
Rating. See Figure 18 for test circuit 


Gate-Source 
Charge 
Oas 
(Gate charge is essentially independent 
of 
- 
14 
- 
nC 


Gate-Orain 
("Miller") 
Charge 
Oad 
operating temperature.) 
- 
56 
- 
nC 


Internal Orain Inductance 
lO 
Measured between 
Modified MOSFET 
- 
5.0 
- 
nH 
contact screw on 
symbol showing the 
header that is closer 
internal device 
to source & gate 
ind uctances. 


pins & center of die. 


~ 


Internal Source Inductance 
lS 
Measured from the 
- 
12.5 
- 
nH 
source 
pint 6mm 
(0.25") from header & 
source bonding pad. 


LS 


S 


Junction-ta-Case 
RaJC 
- 
- 
1 
oC/W 


Case-to-Sink 
Racs 
Mounting surface flat, smooth and greased 
- 
0.1 
- 
ac/W 


Junction-ta-Ambient 
RaJA 
Typical socket mount 
- 
- 
30 
°C/W 


Continuous Source Current 
IS 
Modified MOSFET 


~ 


- 
- 
-19 
A 
(Body Oiode) 
symbol showing the 


Pulse Source Current 
ISM 
integral reverse 
- 
- 
-76 
A 
(Bady Oiode) (Note 3) 
P-N junco rectifier. 


Oiode Forward Voltage (Note 2) 
VSO 
TC = +25OC,IS 
= -19A, VGS = OV 
- 
- 
-1.5 
V 
Reverse Recovery Time 
trr 
TJ - +1500C,IF 
-19A,dIF/dt 
-100A/~s 
- 
170 
- 
ns 
Reverse Recovered Charge 
°RR 
TJ - +1500C,IF 
--19A,dIF/dt 
-100N~s 
- 
0.8 
- 
~C 
Forward Turn-on Time 
tON 
Intrinsic turn-on 
time is negligible. Turn-on 
- 
- 
- 
- 
speed is substantially 
controlled 
by lS + lO. 


NOTES: 1. TJ = +250C 
to +1500C 
2. Pulse Test: Pulse width < 300~s, 


Duty Cycle {2'lb 


3. Repetitive Rating: 
Pulse width limited by max. 


junction 
temperature. 
See Transient 
Thermal 
Impedance 
Curve (Figure 5) 


4. VOO = 25V, Start TJ = +250C, 
L = 4mH, 


RG = 250, 
Peak IL = 1SA (See Figures 15 
and 16) 
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Description 


The IRF9150 and IRF9151 are advanced power MOSFETs 
designed,tested, and guaranteedto withstand a specified level 
of energy in the breakdown avalanche mode of operation. 
These are p-channel enhancement-mode silicon-gate power 
field-effect 
transistors designed for applications such as 
switching regulators,switching converters, motor drivers, relay 
drivers, 
and 
drivers 
for 
high-power 
bipolar 
switching 
transistors requiring high speed and low gate-drive power. 
These types can be operated directly from integrated circuits. 


The 
P-channel 
IRF9150 
is 
an 
approximate 
electrical 
complement to the N-channeIIRF9150. 


The IRF types are supplied in the JEDEC TO-204AE metal 
package. 
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Terminal Diagram 


P-CHANNEL 
ENHANCEMENT 
MODE 


Drain-Source 
Voltage 
....•...•...•.....••...•.......••.....•.•......•... 
VDS 
Continuous 
Drain Current 
TC = 250C •.•.......•.•................................................ 
10 
TC = 1COOC •.........•....•.•..........•.............•......•...•.•... 
10 
Pulsed Drain Current. 
....••.•...•...................•..•..•..•......•..•• 
IDM 
Gate-Source 
Voltage 
..........................................•........ 
VGS 
Maximum Power Dissipation 
Po 
(See Figure 18) 
Linear Derating Factor .•........................................•............. 
Single Pulse Avalanche 
Energy Rating (3) ••.......•..•...................... 
Eas 
(See Figure 14) 
Avalanche Current (Repetitive or Nonrepetitive) 
•......•.•...•...........•...• 
IAR 
Operating 
and Storage Junction 
•.......•..•..•.....•.••....•......•.• 
TJ, TSTG 
Temperature 
Range 
Maxim urn Lead Temperature 
for Soldering 
.•..••........•.•...•.•..•..••..•.. 
TL 
(0.063" 
(1.6mm) from case for 1Os) 


IRF9150 
IRF9151 
UNITS 


-100 
-60 
V 


-25 
-25 
A 
-18 
-18 
A 
-100 
-100 
A 
±20 
±20 
V 
150 
150 
W 


1.2 
1.2 
WloC 
1300 
1300 
mJ 


-25 
-25 
A 
-55to+150 
-55to+150 
°c 


300 
300 
°c 


1. Pulse Test: Pulse width ~ 300J.ls, Duty Cycle ~ 2% 


2. Repetitive Rating: 
Pulse width limited by max. junction temperature. See 
Transient 
Thermal 
Impedance 
Curve (Figure 
5) 


LIMITS 


CHARACTERISTIC 
SYMBOL 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Orain-Source 
Breakdown 
Voltage 
BVOSS 
VGS = OV, 10 = -250flA 
IRF9150 
-100 
- 
- 
V 


IRF9151 
-60 
- 
- 
V 


Gate Threshold Voltage 
VGSfTHI 
VOS = VGS, 10 = -250flA 
-2.0 
- 
-4.0 
V 


Gate-Source 
Leakage Forward 
IGSS 
VGS=-20V 
- 
- 
-100 
nA 


Gate-Source 
Leakage Reverse 
IGSS 
VGS = 20V 
- 
- 
100 
nA 


Zero Gate Voltage Drain Current 
lOSS 
VOS = Max Rating, VGS = OV 
- 
- 
-250 
flA 


VOS = Max Rating x 0.8, VGS = OV, 
- 
- 
-1000 
IIA 
TC=+1250C 


On-State 
Drain Current (Note 1) 
101ON) 
VOS> 
10lONl x rOSION) Max, VGS - 10V 
-25 
- 
- 
A 


Static Drain-Source 
On-State 
rOS(ON) 
VGS - -10V,10 
- -10A 
- 
0.09 
0.15 
n 
Resistance (Note 1) 


Forward Transconductance 
(Note 1) 
gts 
VOS = -1 OV, 10 = -12.5A 
4 
10 
- 
S 


Input Capacitance 
CISS 
VGS - OV,VOS - -25V, f - 1.0MHz 
- 
2400 
- 
pF 


Output Capacitance 
COSS 
See Figure 10 
- 
850 
- 
pF 


Reverse Transfer Capacitance 
CRSS 
- 
400 
- 
pF 


Turn-On 
OelayTime 
tdlONI 
VOO = -50V, 10 - -25A, RG = 6.8n, 
- 
16 
24 
ns 


RiseTime 
tr 
RO = 2n. See Figures 16 and 17. 
- 
110 
160 
ns 


Turn-Off 
Delay Time 
'dIOFF) 
(MOSFET switching 
times are essentialiy 
- 
65 
100 
ns 
independent 
of operating temperature.) 
Fall Time 
tf 
- 
46 
70 
ns 


Total Gate Charge 
Og 
VGS - -1 OV,IO - -25A, VOS - 0.8 Max 
- 
82 
120 
nC 
(Gate-Source 
+ Gate-Drain) 
Rating. See Figures 11 & 19 for test circuil. 


Gate-Source 
Charge 
Oas 
(Gate charge is essentially independent 
of 
- 
14 
- 
nC 


Gate-Drain 
("Miller") 
Charge 
Oad 
operating temperature.) 
- 
42 
- 
nC 


Internal Drain Inductance 
LO 
Measured between 
Modified MOSFET 
- 
5.0 
- 
nH 
contact screw on 
symbol showing the 
header that is closer 
internal device 
to source & gate 
inductances. 
pins & center of die. 


~ 


Internal Source Inductance 
LS 
Measured from the 
- 
13 
- 
nH 
source pin, 6mm 
(0.25") from header & 
source bonding pad. 


LS 


S 


Junction-to-Case 
ReJC 
- 
- 
0.83 
oC/W 


Case-to-Sink 
Recs 
Mounting surface flat, smooth and greased 
- 
0.1 
- 
oC/W 


Junction-to-Ambient 
ReJA 
Free Air Operation 
- 
- 
30 
°C/W 


Continuous 
Source Current 
IS 
Modified MOSFET 


~ 


- 
- 
-25 
A 
(Body Diode) 
symbol showing the 


Pulse Source Current 
ISM 
integral reverse 
- 
- 
-100 
A 


(Body Diode) (Note 3) 
P-N junco rectifier. 


Diode Forward Voltage (Note 2) 
VSO 
TC = +250C, IS = 25A, VGS = OV 
- 
0.9 
1.5 
V 


Reverse Recovery Time 
trr 
TJ - +250C, IF - 25A,dlF/dt 
-100NIIS 
- 
150 
300 
ns 


Reverse Recovered 
Charge 
°RR 
TJ - +250C,IF 
- 25A,dIF/dt 
-100NIIS 
0.3 
0.7 
1.5 
IIC 
Forward Turn-on 
Time 
tON 
Intrinsic turn-on time is negligible. Turn-on 
- 
- 
- 
- 
speed is substantialiy 
controlled 
by LS + LO' 


NOTES: 
1. Pulse Test: 
Pulse width 
:'S.300J.ls, 
2. Repetitive 
Rating: 
Pulse width 
limited 
by max. 


Duty Cycle :'S. 2% 
junction 
temperature. 
See Transient 
Thermal 
Impedance 
Curve (Figure 
5) 


3. VOO = 25V. 
Start TJ = +250C, 
L = 3.2mhy. 


RG = 250, 
Peak IL = 25A (See Figures 
14 
and 
15) 
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• rDS(ON) = 0.800 and 1.20 


• Single Pulse Avalanche Energy Rated 


• SOA is Power-Dissipation 
Limited 


• Nanosecond Switching Speeds 


• Linear Transfer Characteristics 
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Description 


The IRF9230, IRF9231, IRF9232 and IRF9233 are advanced 
power 
MOSFETs designed, tested, and 
guaranteed to 
withstand a specified level of energy in the breakdown 
avalanche 
mode 
of 
operation. 
These 
are 
p-channel 
enhancement-modesilicon-gate power field-effect transistors 
designed for 
applications such 
as switching 
regulators, 


switching converters, motor drivers, relay drivers, and drivers 
for high-power bipolar switching transistors requiring high 
speed and low gate-drive power.Thesetypes can be operated 
directly from integrated circuits. 


The IRF types are supplied in the JEDEC TO-204M 
steel 
package. 


Terminal Diagram 


P-CHANNEL 
ENHANCEMENT 
MODE 


IRF9230 
IRF9231 
IRF9232 
IRF9233 


Drain-Source Voltage (1) .......................•.... 
VOS 
-200 
-150 
-200 
-150 


Drain-Gate Voltage (RGS = 20kO) (1) .••••....••••••• 
VOGR 
-200 
-150 
-200 
-150 


Continuous Drain Current 
TC = 25°C ...•••...•......•....••••.•...•...•••.... 
10 
-6.5 
-6.5 
-5.5 
-5.5 
TC= 100°C 
....................................... 
10 
-4.0 
-4.0 
-3.5 
-3.5 
Pulsed Drain Current (3) .............................. 
10M 
-26 
-26 
-22 
-22 


Gate-Source Voltage 
.•...••....•••••...••.•........ 
VGS 
±20 
±20 
±20 
±20 
Maximum Power Dissipation ••..•••••..•••••••.....•••• 
Po 
75 
75 
75 
75 
(See Figure 14) 
Unear Derating Factor ................................... 
0.6 
0.6 
0.6 
0.6 
(See Figure 14) 
Single Pulse Avalanche Energy Rating (4) ..........•.•.. 
Eas 
500 
500 
500 
500 
Operating and Storage Junction ••••...•••••..•... 
TJ, TSTG 
-55to+150 
-55to+150 
-55 to +150 
-55 to +150 
Temperature Range 
Maximum Lead Temperature for Soldering .•.........•••• 
TL 
300 
300 
300 
300 
(0.063" (1.6mm) from case for 10s) 


NOTES: 


1. TJ = +2SoCto +1S0oC 


2. Pulse Test: 
Pulse width 
:5. 300~s. Duty Cycle :5. 2% 


3. Repetitive 
Rating: 
Pulse width limited by max. junction 
temperature. 
See 
Transient 
Thermal 
Impedance 
Curve (Figure 
5) 


UNITS 


V 
V 


LIMITS 


CHARACTERISTIC 
SYMBOL 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Drain-Source 
Breakdown 
Voltage 
BVOSS 
VGS = OV, 10 = -250~A 
IRF9230,IRF9232 
-200 
- 
- 
V 


IRF9231,IRF9233 
-150 
- 
- 
V 


Gate Threshold Voltage 
VGSITHI 
VOS = VGS, 10 = -250~A 
-2.0 
- 
-4.0 
V 


Gate-Source 
Leakage Forward 
IGSS 
VGS--20V 
- 
- 
-100 
nA 


Gate-Source 
Leakage Reverse 
IGSS 
VGS-20V 
- 
- 
100 
nA 


Zero Gate Voltage Drain Current 
lOSS 
VOS - Max Rating. VGS - OV 
- 
- 
-250 
~ 
VOS - Max Rating x 0.8, VGS - OV. 
- 
- 
-1000 
~A 
TC=+1250C 


On-State 
Drain Current (Note 2) 
10(ON) 
VOS> 
10(ON) x rOS(ON) Max, VGS = -1 OV 
IRF9230,IRF9231 
-6.5 
- 
- 
A 


IRF9232,IRF9233 
-5.5 
- 
- 
A 


Static Drain-Source 
On-State 
rOS(ON) 
VGS - -1 OV,10 - -3.5A 
Resistance (Note 2) 
IRF9230,IRF9231 
- 
0.5 
0.8 
0 


IRF9232,IRF9233 
- 
0.8 
1.2 
0 


Forward Transconductance 
(Note 2) 
9fs 
VOS> 
10(ON) x rOSlON) Max, 10 - -3.5A 
2.2 
3.5 
- 
Sm) 


Input Capacitance 
C,SS 
VGS = OV,VOS = -25V. f = 1.0MHz 
- 
550 
- 
pF 


Output Capacitance 
COSS 
See Figure 10 
- 
170 
- 
pF 


Reverse Transfer Capacitance 
CRSS 
- 
50 
- 
pF 


Turn-On 
OelayTime 
td(ON) 
VOO -0.5 
BVOSS, 10 - -6.5A, RG - 500 
- 
30 
50 
ns 


RiseTime 
tr 
See Figure 17. (MOSFET switching 
times 
50 
100 
ns 


Turn-Off 
Delay Time 
!d(OFFI 
are essentially independent 
of operating 
50 
100 
temperature.) 
ns 


Fall Time 
tf 
- 
40 
80 
ns 


Total Gate Charge 
Qg 
VGS = -10V, 10 = -6.5A, VOS = 0.8 Max 
- 
31 
45 
nC 


(Gate-Source 
+ Gate-Drain) 
Rating. See Figure 18 for test circuit. 


Gate-Source 
Charge 
Qas 
(Gate charge is essentially independent 
of 
- 
18 
- 
nC 


Gate-Drain 
("Miller") 
Charge 
Qad 
operating temperature.) 
- 
13 
- 
nC 


Internal Drain Inductance 
LO 
Measured between 
Modified MOSFET 
- 
5.0 
- 
nH 
contact screw on 
symbol showing the 
header that is closer 
internal device 
to source & gate 
inductances. 


pins & center of die. 


~ 


Internal Source Inductance 
LS 
Measured from the 
- 
12.5 
- 
nH 
source 
pin, 6mm 
(0.25") from header & 
source bonding pad. 


LS 


S 


Junction-ta-Case 
ROJC 
- 
- 
1.67 
°CIW 
Case-to-Sink 
ROCS 
Mounting surface flat, smooth and greased 
- 
0.1 
- 
°CIW 
Junction-ta-Ambient 
ROJA 
Typical socket mount 
- 
- 
30 
°CIW 


Continuous 
Source Current 
IS 
Modified MOSFET 


~ 


- 
- 
-6.5 
A 
(Body Diode) 
symbol showing the 


Pulse Source Current 
ISM 
integral reverse 
- 
- 
-26 
A 
(Body Diode) (Note 3) 
P-N junco rectifier. 


Diode Forward Voltage (Note 2) 
VSO 
TC = +250C, IS = -6.5A, VGS = OV 
- 
- 
-1.5 
V 


Reverse Recovery Time 
trr 
TJ - +1500C, 
IF --6.5A,dIF/dt 
-100N~s 
- 
400 
- 
ns 


Reverse Recovered Charge 
QRR 
TJ - +1500C.IF 
- -6.5A, dlF/dt -1 OON~s 
- 
2.6 
- 
~C 
Forward Turn-on 
Time 
tON 
Intrinsic turn-on time is negligible. Turn-on 
- 
- 
- 
- 
speed is substantially 
controlled 
by LS + LO. 


NOTES: 
1. TJ - 
+ 2SoC to + 1S00C 
2. Pulse Test: 
Pulse width < 300~s. 
Duty Cycle .$2% 


4. VDD = SOV. Start TJ = +2SoC. 
L - 
17.7SmH. 


RG = 2sn. 
Peak IL - 
6.SA (See Figures 
1S 
and 16) 


3. Repetitive Rating: 
Pulse width limited by max. 


junction 
temperature. 
See Transient 
Thermal 
Impedance 
Curve (Figure 
S) 
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3. TJM -TC 
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• 
2. 
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Fig. 5· Maximum effective transient therma' impedance. junction- 
to-case vs. pulse duration. 
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(I) HARRIS 
IRF9240,IRF9241 
IRF9242, IRF9243 


Avalanche Energy Rated 


P-Channel Power MOSFETs 


Features 


• -9A and -11A, -150V and -200V 


• rDS(ON) = 0.500 and 0.70 


• Single Pulse Avalanche Energy Rated 


• SOA is Power-Dissipation 
Limited 


• Nanosecond Switching Speeds 


• Linear Transfer Characteristics 


• High Input Impedance 


TO-204AA 
BonOMVIEW 


. 
DRAIN 


SOU~LANGE)o 
GATE 


Description 


The IRF9240, IRF9241, IRF9242 and IRF9243 are advanced 
power 
MOSFETs designed, tested, 
and 
guaranteed to 
withstand a specified level of energy in the breakdown 
avalanche 
mode 
of 
operation. 
These 
are 
p-channel 


enhancement-modesilicon-gate power field-effect transistors 
designed for 
applications such as switching 
regulators, 


switching converters, motor drivers, relay drivers, and drivers 
for high-power bipolar switching transistors requiring high 
speed and low gate-drive power.Thesetypes can be operated 
directly from integrated circuits. 


The IRF types are supplied in the JEDEC TO-204AA steel 
package. 


Terminal Diagram 


P-CHANNEL 
ENHANCEMENT 
MODE 


IRF9240 
IRF9241 
IRF9242 
IRF9243 


Drain-Source Voltage (1) . . . . . . . . . . . . . • . . . . . . . • •• • • .• VOS 
-200 
-150 
-200 
-150 
Drain-Gate Voltage (RGS = 20kO) (1) •.........•..•.. 
VOGR 
-200 
-150 
-200 
-150 
Continuous Drain Current 
TC = 250C ...........................•............. 
10 
-11 
-11 
-9 
-9 
TC= 
1000C 
...•...•.•••......•......•••........... 
10 
-7 
-7 
-6 
-6 
Pulsed Drain Current (3) .•••...••••......•••.••....... 
10M 
-44 
-44 
-36 
-36 
Gate-Source Voltage 
...•........................... 
VGS 
±20 
±20 
±20 
±20 
Maximum Power Dissipation ..•••••.....•••••........•• 
Po 
125 
125 
125 
125 
(See Figure 14) 
Unear Derating Factor ..........•...•...••.....••.••••••. 


(See Figure 14) 


Single Pulse Avalanche Energy Rating (4) ••.......•••••• 
Eas 
790 
790 
790 
790 
Operating and Storage Junction ••......••.......• 
TJ, TSTG 
-55to+150 
-55to+150 
-55 to +150 
-55to+150 


Temperature Range 
Maximum Lead Temperature for Soldering .•........••••• 
TL 
300 
300 
300 
300 


(0.063" (1.6mm) from case for 10s) 


NOTES: 


1. TJ = +250C 
to +1500C 


2. Pulse Test: Pulse wklth :s 300}1S. Duty Cycle ~ 2% 


3. Repetitive Rating: 
Pulse width limited by max. junction temperature. 
See 
Transient Thermal Impedance 
Curve (Figure 5) 
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LIMITS 


CHARACTERISTIC 
SYMBOL 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Drain-Source 
Breakdown 
Voltage 
BVOSS 
VGS = OV, 10 = -25OIlA 
IRF9240,IRF9242 
-200 
- 
- 
V 


IRF9241,IRF9243 
-150 
- 
- 
V 


Gate Threshold 
Voltage 
VGSITHI 
VOS = VGS, 10 = -250IIA 
-2.0 
- 
-4.0 
V 


Gate-Source 
Leakage Forward 
IGSS 
VGS--20V 
- 
- 
-100 
nA 


Gate-Source 
Leakage Reverse 
IGSS 
VGS=20V 
- 
- 
100 
nA 


Zero Gate Voltage Drain Current 
lOSS 
VOS = Max Rating, VGS = OV 
- 
- 
-250 
IJA 


VOS = Max Rating x 0.8, VGS = OV, 
- 
- 
-1000 
IIA 
TC=+1250C 


On-State 
Drain Current (Note 2) 
10(ON) 
VOS> 
10(ON) x rOS(ON) Max, VGS = -10V 
IRF9240,IRF9241 
-11 
- 
- 
A 


IRF9242,IRF9243 
-9 
- 
- 
A 


Static Drain-Source 
On-State 
rOS(ON) 
VGS = 10V,I0 
= -6A 
Resistance (Note 2) 
IRF9240,IRF9241 
- 
0.35 
0.5 
0 


IRF9242,IRF9243 
- 
0.55 
0.7 
0 


Forward Transconductance 
(Note 2) 
9fs 
VOS> 
1010N\ x rOSIONl Max, 10 - -6A 
4 
6 
- 
Sm) 


Input Capacitance 
CISS 
VGS = OV, VOS = -25V, 
f = 1.0MHz 
- 
1100 
- 
pF 


Output Capacitance 
COSS 
See Figure 10 
- 
375 
- 
pF 


Reverse Transfer Capacitance 
CRSS 
- 
150 
- 
pF 


Turn-On 
OelayTime 
tdlONl 
VOO -100 
BVOSS,IO - -11A, RG = 9.10 
- 
18 
22 
ns 


RiseTime 
tr 
See Figure 17. (MOSFET switching 
times 
- 
45 
68 
ns 


Turn-Off 
Delay Time 
!d(OFFI 
are essentially independent 
of operating 
- 
75 
90 
temperature.) 
ns 


Fall Time 
tf 
- 
29 
44 
ns 


Total Gate Charge 
Og 
VGS = -10V,10 
= -11A, VOS = 0.8 Max 
- 
70 
90 
nC 
(Gate-Source 
+ Gate-Drain) 
Rating. See Figure 18 for test circuit 


Gate-Source 
Charge 
Oas 
(Gate charge is essentially independent 
of 
- 
55 
- 
nC 


Gate-Drain 
("Miller") 
Charge 
Ood 
operating temperature.) 
- 
15 
- 
nC 


Internal Drain Inductance 
LO 
Measured between 
Modified MOSFET 
- 
5.0 
- 
nH 
contact screw on 
symbol showing the 
header that is closer 
internal device 
to source & gate 
inductances. 


pins & center of die. 


~ 


Internal Source Inductance 
LS 
Measured from the 
- 
12.5 
- 
nH 
source 
pin, 6mm 
(0.25") from header & 
source bonding pad. 
LS 


S 


Junction-to-Case 
ROJC 
- 
- 
1 
°C/W 
Case-to-Sink 
ROCS 
Mounting surface flat, smooth and greased 
- 
0.1 
- 
°C/W 
Junction-to-Ambient 
ROJA 
Typical socket mount 
- 
- 
30 
°C/W 


Continuous 
Source Current 
IS 
Modified MOSFET 


~ 


r 
- 
- 
-11 
A 
(Body Diode) 
symbol showing the 


Pulse Source Current 
ISM 
integral reverse 
- 
- 
-44 
A 
(Body Diode) (Note 3) 
P-N junco rectifier. 


Diode Forward Voltage (Note 2) 
VSO 
TC = +25OC,IS 
= -11A, VGS = OV 
- 
- 
-1.5 
V 


Reverse Recovery Time 
trr 
TJ - +1500C,IF 
- -11A, dlF/dt - 100NIIS 
- 
270 
- 
ns 


Reverse Recovered 
Charge 
°RR 
TJ - +1500C,IF 
- -11A, dlF/dt - 100Nlls 
- 
2 
- 
IIC 
Forward Turn-on 
Time 
tON 
Intrinsic turn-on time is negligible. Turn-on 
- 
- 
- 
- 
speed is substantially 
controlled 
by LS + LO. 


NOTES: 
1. TJ - 
+250C 
to +15()OC 
2. Pulse Test: 
Pulse width ~ 300~s, 
Duty Cycle ~ 2% 


3. Repetitive Rating: 
Pulse width limited by max. 


junction 
temperature. 
See Transient 
Thermal 
Impedance 
Curve (Figure 5) 


4. VDD = 50V. Start TJ - 
+250C, 
L = 9.8mH. 


Ra - 250. 
Peak IL = 11A (See Figures 
15 
and 16) 
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Fig. 12 - Typical on-resistance 
vs. drain current. 
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Ell HARRIS 
IRF9510, IRF9511 
IRF9512, 
IRF9513 


Avalanche 
Energy 
Rated 


P-Channel 
Power MOSFETs 


• -2.5A 
and 
-3.0A, 
-60V 
and 
-100V 


• rDS(ON) 
= 1.20 
and 
1.60 


• Single 
Pulse 
Avalanche 
Energy 
Rated 


• SOA 
is Power-Dissipation 
Limited 


• Nanosecond 
Switching 
Speeds 


• Linear 
Transfer 
Characteristics 


• High 
Input 
Impedance 


TO-220AB 
TOP VIEW 


Description 


The IRF9510, 
IRF9511, 
IRF9512 
and 
IRF9513 
are advanced 
power 
MOSFETs 
designed, 
tested, 
and 
guaranteed 
to 
withstand 
a 
specified 
level 
of 
energy 
in 
the 
breakdown 
avalanche 
mode 
of 
operation. 
These 
are 
p-channel 
enhancement-mode 
silicon-gate 
power 
field-effect 
transistors 
designed 
for 
applications 
such 
as 
switching 
regulators, 
switching 
converters, 
motor 
drivers, 
relay drivers, 
and 
drivers 
for 
high-power 
bipolar 
sWitching 
transistors 
requiring 
high 


speed 
and low gate-drive 
power. 
These types 
can be operated 
directly 
from 
integrated 
circuits. 


The 
IRF types 
are supplied 
in the JEDEC 
TO-220AB 
plastic 
package. 


Terminal Diagram 


P-CHANNEL 
ENHANCEMENT 
MODE 


IRF9510 
IRF9511 
IRF9512 
IRF9513 


Drain-Source Voltage (1) ............................ 
VDS 
-100 
-60 
-100 
-60 
Drain-Gate Voltage (RGS = 20kO) (1) ................ 
VDGR 
-100 
-60 
-100 
-60 


Continuous Drain Current 
TC = 250C ......................................... 
10 
-3.0 
-3.0 
-2.5 
-2.5 


TC= 
l000C 
....................................... 
10 
-2.0 
-2.0 
-1.5 
-1.5 
Pulsed Drain Current (3) .............................. 
10M 
-12 
-12 
-10 
-10 


Gate-Source Voltage 
............................... 
VGS 
±20 
±20 
±20 
±20 


Maximum Power Dissipation ........................... 
Po 
20 
20 
20 
20 
(See Figure 14) 
Linear Derating Factor ................................... 
0.16 
0.16 
0.16 
0.16 


(See Figure 14) 
Single Pulse Avalanche Energy Rating (4) ............... 
Eas 
190 
190 
190 
190 


Operating and Storage Junction .................. 
TJ, TSTG 
-55to+150 
-55 to +150 
-55 to +150 
-55 to +150 


Temperature Range 
Maximum Lead Temperature for Soldering ............... 
TL 
300 
300 
300 
300 


(0.063" (1.6mm) from case for 10s) 


NOTES: 


1. TJ = +250C 
to +1500C 


2. Pulse Test: 
Pulse width ~ 300Jls,Duty Cycle:::; 2% 


3. Repetitive 
Rating: 
Pulse width limited by max. junction 
temperature. 
See 
Transient 
Thermal 
Impedance 
Curve (Figure 
5) 


UNITS 


V 
V 


LIMITS 


CHARACTERISTIC 
SYMBOL 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Orain-Source 
Breakdown 
Voltage 
BVOSS 
VGS = OV,IO = -2501JA 
IRF9510,IRF9512 
-100 
- 
- 
V 


IRF9511,IRF9513 
-60 
- 
- 
V 


Gate Threshold Voltage 
VGSITHI 
VOS - VGS, 10 - -2SO~A 
-2.0 
- 
-4.0 
V 


Gate-Source 
Leakage Forward 
IGSS 
VGS--20V 
- 
- 
-SOO 
nA 


Gate-Source 
Leakage Reverse 
IGSS 
VGS = 20V 
- 
- 
500 
nA 


Zero Gate Voltage Orain Current 
lOSS 
VOS = Max Rating, VGS = OV 
- 
- 
-250 
IJA 


VOS = Max Rating x 0.8, VGS = OV, 
- 
- 
-1000 
IJA 
TC=+1250C 


On-State 
Orain Current (Note 2) 
JO(ON) 
VOS> 
10(ON) x rOS(ON) Max, VGS = -10V 
IRF9510,IRF9511 
-3.0 
- 
- 
A 


IRF9512,IRF9513 
-2.5 
- 
- 
A 


Static Orain-Source 
On-State 
rOS(ON) 
VGS--10V,10 
--1.5A 
Resistance (Note 2) 
IRF9510,IRF9511 
- 
1.0 
1.2 
0 


IRF9512,IRF9513 
- 
1.2 
1.6 
0 


Forward Transconductance 
(Note 2) 
9fs 
VOS> 
10lONI x rOSIONI Max, 10 - -1.5A 
0.8 
1.1 
- 
Sm) 


Input Capacitance 
CISS 
VGS - OV,VOS - -25V, f - 1.0MHz 
- 
180 
- 
pF 


Output Capacitance 
COSS 
See Figure 10 
- 
85 
- 
pF 


Reverse Transfer Capacitance 
CRSS 
- 
30 
- 
pF 


Turn-On 
OelayTime 
tdlONI 
VOO --50 
BVOSS, 10 - -3.0A, RG - 500 
- 
15 
30 
ns 


Rise Time 
tr 
See Figure 17. (MOSFET switching 
times 
- 
30 
60 
ns 


Turn-Off 
Oelay Time 
!dIOFFl 
are essentially independent 
of operating 
- 
20 
40 
temperature.) 
ns 


Fall Time 
tf 
- 
20 
40 
ns 


Total Gate Charge 
Qg 
VGS - -1 OV,IO - -3A, VOS = 0.8 Max 
- 
8.5 
11 
nC 


(Gate-Source 
+ Gate-Orain) 
Rating. See Figure 18 for test circuit 


Gate-Source 
Charge 
Qos 
(Gate charge is essentially independent 
of 
- 
3.8 
- 
nC 


Gate-Orain 
("Miller") 
Charge 
Qod 
operating temperature.) 
- 
4.7 
- 
nC 
Internal Orain Inductance 
LO 
Measured from the 
Modified MOSFET 
- 
3.5 
- 
nH 
contact screw on tab 
symbol showing the 
to center of die. 
internal device 


Measured from the 
inductances. 
- 
4.5 
- 
nH 
drain lead, 6mm 


~ 


(0.25") from pkg. to 
center of die. 


Internal Source Inductance 
LS 
Measured from the 
- 
7.5 
- 
nH 
source lead, 6mm 
LS 
(0.25") from pkg. to 
source bonding pad. 
S 
Junction-to-Case 
ROJC 
- 
- 
6.4 
°C/W 
Case-to-Sink 
ROCS 
Mounting surface flat, smooth and greased 
- 
1.0 
- 
°C/W 
Junction-to-Ambient 
ROJA 
Typical socket mount 
- 
- 
80 
°C/W 


Continuous 
Source Current 
IS 
Modified MOSFET 


~ 


- 
- 
-3.0 
A 


(Body Oiode) 
symbol showing the 


Pulse Source Current 
ISM 
integral reverse 
- 
- 
-12 
A 


(Body Oiode) (Note 3) 
P-N junco rectifier. 


Oiode Forward Voltage (Note 2) 
VSO 
TC = +25OC,IS 
= -3.0A, VGS = OV 
- 
- 
-1.5 
V 


Reverse Recovery Time 
trr 
TJ - +1500C,IF 
- -3.0A,dIF/dt 
-100N~s 
- 
120 
- 
ns 


Reverse Recovered Charge 
QRR 
TJ - +1500C,IF 
--3.0A,dIF/dt-100N~s 
- 
6.0 
- 
~C 
Forward Turn-on 
Time 
tON 
Intrinsic turn-on time is negligible. Turn-on 
- 
- 
- 
- 
speed is substantially 
controlled 
by LS + LO. 


NOTES: 
1. TJ - 
+2SoC 
to +1S00C 
2. Pulse Test: 
Pulse wktth 
.:S300jJs. 


Duty Cycle .$ 2% 


4. VDD = 2SV, Start TJ = +2SoC, 
L = 31.7mH, 


RG = 2S0, 
Peak IL = 3.0A (See Figures 
1S 
and 16) 


3. Repetitive 
Rating: 
Pulse width 
limited 
by max. 


junction 
temperature. 
See Transient 
Thermal 
Impedance 
Curve (Figure 
5) 
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Ell HARRIS 
IRF9520, IRF9521 
IRF9522, IRF9523 
Avalanche 
Energy Rated 


P-Channel 
Power MOSFETs 


Features 


• -SA and -6A, -60V and -100V 


• rDS(ON) = 0.60 and o.ao 


• Single Pulse Avalanche Energy Rated 


• SOA is Power-Dissipation 
Limited 


• Nanosecond Switching Speeds 


• Linear Transfer Characteristics 


Description 


The IRF9520, IRF9521, IRF9522 and IRF9523 are advanced 
power 
MOSFETs designed, 
tested, 
and 
guaranteed to 
withstand a specified level of energy in the breakdown 
avalanche 
mode 
of 
operation. 
These 
are 
p-channel 
enhancement-mode silicon-gate power field-effect transistors 
designed for 
applications 
such as switching 
regulators, 


switching converters, motor drivers, relay drivers, and drivers 
for high-power bipolar switching transistors requiring high 
speed and low gate-drive power.Thesetypes can be operated 
directly from integrated circuits. 


The IRF types are supplied in the JEDEC TO-220AB plastic 
package. 


TO-220AB 
TOP VIEW 


Terminal Diagram 


P-CHANNEL 
ENHANCEMENT 
MODE 


Drain-Source Voltage (1) 
VDS 
Drain-Gate Voltage (RGS = 20kO) (1) 
VOGR 
Continuous Drain Current 
TC = 250C ................•........•............... 
10 
TC = 1000C .................•.•.•......•.......... 
10 
Pulsed Drain Current (3) 
10M 
Gate-Source Voltage 
VGS 
Maximum Power Dissipation 
Po 
(See Figure 14) 
Unear Derating Factor 
. 


(See Figure 14) 
Single Pulse Avalanche Energy Rating (4) 
Eas 
Operating and Storage Junction 
TJ. TSTG 
Temperature Range 
Maximum Lead Temperature for Soldering 
TL 
(0.063" (1.6mm) from case for 10s) 


NOTES: 


1. TJ ~ +250C 
to +1500C 


2. Pulse Test: 
Pulse width 
~ 300~s.Duty 
Cycle ~ 2% 


3. Repetitive Rating: 
Pulse width limited by max. junction temperature. See 
Transient Thermal Impedance 
Curve (Figure 5) 


IRF9520 
IRF9521 
IRF9522 
IRF9523 


-100 
-60 
-100 
-60 
-100 
-60 
-100 
-60 


-6 
-6 
-5 
-5 
-4 
-4 
-3.5 
-3.5 


-24 
-24 
-20 
-20 
±20 
±20 
±20 
±20 
40 
40 
40 
40 


0.32 
0.32 
0.32 
0.32 


370 
370 
370 
370 
-55to 
+150 
-5510 +150 
-5510 +150 
-5510+150 


300 
300 
300 
300 


UNITS 


V 
V 


~ 
...• 
w 
w"'- 
zen 
ZCl 
ce::E 
Xa: 
<'>w 
d.~ 
Cl 
Q.. 


UMITS 


CHARACTERISnC 
SYMBOL 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Drain-Source 
Breakdown 
Voltage 
BVOSS 
VGS = OV,IO = -2501JA 
IRF9520,IRF9522 
-100 
- 
- 
V 


IR F9521 , IRF9523 
-60 
- 
- 
V 


Gate Threshold 
Voltage 
VGSfTH\ 
VOS = VGS, 10 = -2SO~A 
-2.0 
- 
-4.0 
V 


Gate-Source 
Leakage Forward 
IGSS 
VGS=-20V 
- 
- 
-SOO 
nA 


Gate-Source 
Leakage Reverse 
IGSS 
VGS- 
20V 
- 
- 
500 
nA 


Zero Gate Voltage Drain Current 
lOSS 
VOS - Max Rating, VGS - OV 
- 
- 
-250 
IJA 


VOS - Max Rating x 0.8, VGS - OV, 
- 
- 
-1000 
IJA 
TC = +1250C 


On-State 
Drain Current (Note 2) 
10(ON) 
VOS> 
10(ON) xrOS(ON) 
Max, VGS = -1 OV 
IRF9520,IRF9521 
-6 
- 
- 
A 


IRF9522,IRF9523 
-5 
- 
- 
A 


Static Drain-Source 
On-State 
rOS(ON) 
VGS - -10V,10 
- -3.5A 
Resistance (Note 2) 
IRF9520,IRF9521 
- 
0.5 
0.6 
0 


IRF9522,IRF9523 
- 
0.6 
0.8 
0 


Forward Transconductance 
(Note 2) 
9fs 
VOS> 
10lONl x rOSION\ Max, 10 - -3.5A 
0.9 
2 
- 
Sm) 


Input Capacitance 
CISS 
VGS - OV,VOS - -25V, f - 1.0MHz 
- 
300 
- 
pF 


Output Capacitance 
COSS 
See Figure 10 
- 
200 
- 
pF 


Reverse Transfer Capacitance 
CRSS 
- 
SO 
- 
pF 


Turn-On 
Delay Time 
td(ON) 
VOO =0.5 BVOSS,IO = -6.0A, RG = 500 
- 
25 
50 
ns 


Rise Time 
tr 
See Figure 17. (MOSFET switching 
times 
- 
SO 
100 
ns 


Turn-Off 
Delay Time 
!dIOFFI 
are essentially independent 
of operating 
- 
SO 
100 
temperature.) 
ns 


Fall Time 
tf 
- 
SO 
100 
ns 


Total Gate Charge 
Qg 
VGS - -1 OV, 10 - -6A, VOS - 0.8 Max 
- 
16 
22 
nC 
(Gate-Source 
+ Gate-Drain) 
Rating. See Figure 18 for test circuit. 


Gate-Source 
Charge 
Qos 
(Gate charge is essentially independent 
of 
- 
9 
- 
nC 


Gate-Drain 
("Miller") 
Charge 
Qod 
operating temperature.) 
- 
7 
- 
nC 


Internal Drain Inductance 
LO 
Measured from the 
Modified MOSFET 
- 
3.5 
- 
nH 


contact screw on tab 
symbol showing the 
to center of die. 
internal device 


Measured from the 
inductances. 
- 
4.5 
- 
nH 
drain lead, 6mm 


~ 


(0.25") from pkg. to 
center of die. 


Internal Source Inductance 
LS 
Measured from the 
- 
7.5 
- 
nH 
source lead, 6mm 
lS 
(0.25") from pkg. to 
source bonding pad. 
S 
Junction-ta-Case 
ROJC 
- 
- 
3.12 
°CIW 
Case-to-Sink 
ROCS 
Mounting surface flat, smooth and greased 
- 
0.1 
- 
°CIW 
Junction-ta-Ambient 
ROJA 
Typical socket mount 
- 
- 
80 
°CIW 


Continuous 
Source Current 
IS 
Modified MOSFET 


~ 


- 
- 
-6.0 
A 
(Body Diode) 
symbol showing the 


Pulse Source Current 
ISM 
integral reverse 
- 
- 
-24 
A 
(Body Diode) (Note 3) 
P-N junco rectifier. 


Diode Forward Voltage (Note 2) 
VSO 
TC = +250C,IS 
= -6.0A, VGS = OV 
- 
- 
-1.5 
V 


Reverse Recovery Time 
trr 
TJ - +1500C, 
IF - -6.0A,dIF/dt-100Al~s 
- 
230 
- 
ns 


Reverse Recovered Charge 
QRR 
TJ - +1500C, 
IF - -6.0A,dIF/dt 
-100Al~s 
- 
1.3 
- 
~C 
Forward Turn-on 
Time 
tON 
Intrinsic turn-on 
time is negligible. Turn-on 
- 
- 
- 
- 
speed is substantially 
controlled 
by lS + Lo. 


NOTES: 
1. TJ = +250C 
10 +1500C 
2. Pulse Test: 
Pulse width S. 300~s, 
Duty Cycle So 2% 


3. Repetitive Rating: 
Pulse width limited by max. 
junction 
temperature. 
See Transient 
Thermal 
Impedance 
Curve (Figure 5) 


4. VDD = 25V, Start TJ = +250C, 
L = 15.4mH, 


RG = 250, 
Peak IL = 6.0A (See Figures 15 


and 16) 
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m HARRIS 
IRF9530,IRF9531 
IRF9532, IRF9533 


Avalanche 
Energy Rated 


P-Channel 
Power MOSFETs 


Features 


• -lOA and -12A, -60V and -100V 


• rDS(ON) = 0.30 and 0.40 


• Single Pulse Avalanche Energy Rated 


• SOA is Power-Dissipation 
Limited 


• Nanosecond Switching Speeds 


• Linear Transfer Characteristics 


TO-220AB 
TOP VIEW 


Description 


The IRF9530, IRF9531, IRF9532 and IRF9533 are advanced 
power 
MOSFETs designed, 
tested, 
and 
guaranteed to 
withstand a specified level of energy in the breakdown 
avalanche 
mode 
of 
operation. 
These 
are 
p-channel 
enhancement-mode silicon-gate power field-effect transistors 
designed for 
applications 
such 
as switching 
regulators, 


switching converters, motor drivers, relay drivers, and drivers 
for high-power bipolar switching transistors requiring high 
speed and low gate-drive power.Thesetypes can be operated 
directly from integrated circuits. 


The IRF types are supplied in the JEDEC TO-220AB plastic 
package. 


Terminal Diagram 


P-CHANNEL 
ENHANCEMENT 
MODE 


Drain-Source Voltage (1) ...........•................ 
VOS 
Drain-Gate Voltage (RGS = 20kO) (1) 
VOGR 
Continuous Drain Current 


T C = 250C 
.. .. . .. . . . .. . .. .. . .. .. . .. . .. .. . .. .. . .. ... 
10 
TC = 1000C ......................................• 
10 
Pulsed Drain Current (3) ..............•........•...... 
10M 
Gate-Source Voltage 
VGS 
Maximum Power Dissipation 
Po 
(See Figure 14) 
Linear Derating Factor .....................••............ 


(See Figure 14) 
Single Pulse Avalanche Energy Rating (4) 
Eas 
Operating and Storage Junction 
TJ, TSTG 
Temperature Range 
Maximum Lead Temperature for Soldering 
, 
TL 


(0.063" (1.6mm) from case for 10s) 


IRF9530 
IRF9531 
IRF9532 
IRF9533 


-100 
-60 
-100 
-60 


-100 
-60 
-100 
-60 


-12 
-12 
-10 
-10 


-7.5 
-7.5 
-6.5 
-6.5 


-48 
-48 
-40 
-40 
±20 
±20 
±20 
±20 


75 
75 
75 
75 


0.6 
0.6 
0.6 
0.6 


500 
500 
500 
500 
-55to+150 
-55to+150 
-55 to +150 
-55to+150 


300 
300 
300 
300 


NOTES: 


1. TJ = +250C 
to +1500C 


2. Pulse Test: Pulse width 
~ 300~s.Duty 
Cycle ~ 2% 


3. Repetitive 
Rating: 
Pulse width 
limited 
by max. junction 
temperature. 
See 
Transient Thermal 
Impedance 
Curve (Figure 5) 


UNITS 


V 
V 


UMITS 


CHARACTERISTIC 
SYMBOL 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Drain-Source 
Breakdown 
Voltage 
BVoSS 
VGS = OV,lo - -2501JA 
IRF9530,IRF9532 
-100 
- 
- 
V 


IRF9531,IRF9533 
-60 
- 
- 
V 


Gate Threshold Voltage 
VGSITHI 
VOS - VGS, '0 - -2SOIlA 
-2.0 
- 
-4.0 
V 


Gate-Source 
Leakage Forward 
IGSS 
VGS--20V 
- 
- 
-SOO 
nA 


Gate-Source 
Leakage Reverse 
IGSS 
VGS-20V 
- 
- 
500 
nA 


Zero Gate Voltage Drain Current 
lOSS 
VoS - Max Rating, VGS - OV 
- 
- 
-250 
IJA 


VoS = Max Rating x 0.8, VGS = OV, 
- 
- 
-1000 
IJA 
TC=+1250C 


On-State 
Drain Current (Note 2) 
10(ON) 
VOS> 
IO(ON) x rOS(ON) Max, VGS = -1 OV 
IRF9530,IRF9531 
-12 
- 
- 
A 


IRF9532,IRF9533 
-10 
- 
- 
A 


Static Drain-Source 
On-State 
rOS(ON) 
VGS = -10V,IO 
- -6.5A 
Resistance 
(Note 2) 
IRF9530,IRF9531 
- 
0.25 
0.3 
0 


IRF9532,IRF9533 
- 
0.3 
0.4 
0 


Forward Transconductance 
(Note 2) 
9fs 
VOS> 
1010NI x rOSIONl Max, 10 = 6.5A 
2.0 
3.8 
- 
Sm) 


Input Capacitance 
CISS 
VGS = OV,VOS = -25V, f = 1.0MHz 
- 
SOO 
- 
pF 


Output Capacitance 
COSS 
See Figure 10 
- 
300 
- 
pF 


Reverse Transfer Capacitance 
CRSS 
- 
100 
- 
pF 


Turn-On 
OelayTime 
tdCONl 
VOo -0.5 
BVoSS, 10 - -12A, RG - SOO 
- 
30 
60 
ns 


Rise Time 
tr 
See Figure 17. (MOSFET switching 
times 
- 
70 
140 
ns 


Turn-Off 
Delay Time 
!dlOFFl 
are essentially independent 
of operating 
- 
70 
140 
temperature.) 
ns 


Fall Time 
tf 
- 
70 
140 
ns 


Total Gate Charge 
Qg 
VGS - -10V,'0 
- -12A, VoS - 0.8 Max 
- 
25 
45 
nC 


(Gate-Source 
+ Gate-Drain) 
Rating. See Figure 18 for test circuit 


Gate-Source 
Charge 
Qas 
(Gate charge is essentially independent 
of 
- 
13 
- 
nC 


Gate-Drain 
("Miller") 
Charge 
Qad 
operating temperature.) 
12 
nC 
- 
- 
Internal Drain Inductance 
LO 
Measured from the 
Modified MOSFET 
- 
3.5 
- 
nH 
contact screw on tab 
symbol showing the 
to center of die. 
internal device 


Measured from the 
inductances. 
- 
4.5 
- 
nH 
drain lead, 6mm 


~ 


(0.25") from pkg. to 
center of die. 


Internal Source Inductance 
LS 
Measured from the 
- 
7.5 
- 
nH 
source lead, 6mm 
LS 
(0.25") from pkg. to 
source bonding pad. 
S 
Junction-to-Case 
ROJC 
- 
- 
1.67 
°C/W 
Case-to-Sink 
ROCS 
Mounting surface flat, smooth and greased 
- 
1.0 
- 
°C/W 


Junction-to-Ambient 
ROJA 
Typical socket mount 
- 
- 
80 
oC/W 


Continuous 
Source Current 
IS 
Modified MOSFET 


~ 


- 
- 
-12 
A 
(Body Diode) 
symbol showing the 


Pulse Source Current 
ISM 
integ ral reverse 
- 
- 
-48 
A 
(Body Diode) (Note 3) 
P-N junco recUfier. 


Diode Forward Voltage (Note 2) 
VSO 
TC = +250C,IS 
= -12A, VGS = OV 
- 
- 
-1.5 
V 


Reverse Recovery Time 
trr 
TJ = +1500C,IF 
=-12A, 
dlF/dt= 
100Allls 
- 
300 
- 
ns 


Reverse Recovered Charge 
QRR 
TJ = +1500C,IF 
= -12A, dlF/dt = 100Allls 
- 
1.8 
- 
IIC 


Forward Turn-on 
Time 
tON 
Intrinsic turn-on 
time is negligible. Turn-on 
- 
- 
- 
- 
speed is substantially 
controlled 
by LS + LO. 


NOTES: 
1. TJ = +250C 
to +1500C 
2. Pulse Test: 
Pulse width.s 
300lls, 


Duty Cycle oS 2% 


4. VDD = 25V, Start TJ = +250C. 
L = 5.2mH, 


RG = 250. 
Peak IL - 
12A (See Figures 15 
and 16) 


3. Repetitive Rating: 
Pulse width limited by max. 
junction 
temperature. 
See Transient 
Thermal 
Impedance 
Curve (Figure 5) 
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m HARRIS 
IRF9540,IRF9541 
IRF9542, IRF9543 


Avalanche Energy Rated 


P-Channel Power MOSFETs 


Features 


• -15A and -19A, -60V and -100V 


• rDS(ON) = 0.200 and 0.300 


• Single Pulse Avalanche Energy Rated 


• SOA is Power-Dissipation 
Limited 


• Nanosecond Switching Speeds 


• Linear Transfer Characteristics 


• High Input Impedance 


Description 


The IRF9540, IRF9541, IRF9542 and IRF9543 are advanced 
power 
MOSFETs designed, 
tested, 
and 
guaranteed to 
withstand a specified level of energy in the breakdown 
avalanche 
mode 
of 
operation. 
These 
are 
p-channel 
enhancement-mode silicon-gate power field-effect transistors 
designed for 
applications 
such as switching 
regulators, 


switching converters, motor drivers, relay drivers, and drivers 
for high-power bipolar switching transistors requiring high 
speed and low gate-drive power.Thesetypes can be operated 
directly from integrated circuits. 


The IRF types are supplied in the JEDEC TO-220AB plastic 
package. 


TO-220AB 
TOP VIEW 


DRAIN~ 


(FLANL:lSLJ==_ 
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Terminal Diagram 


N-CHANNEL 
ENHANCEMENT 
MODE 


Drain-Source Voltage (1) ......•.........•.•••.•..... 
VOS 
Drain-Gate Voltage (RGS = 20kO) (1) 
VOGR 
Continuous Drain Current 
TC=250C 
10 
TC = loooC 
10 
Pulsed Drain Current (3) ••••...••••.....••••••.....••. 
10M 
Gate-Source Voltage 
••••....•••.....••••••.•.....•• 
VGS 
Maximum Power Dissipation 
Po 
(See Figure 14) 
Unear Derating Factor ••......•••...•............•••.•... 
(See Figure 14) 
Single Pulse Avalanche Energy Rating (4) ••••..•......•• 
Eas 
Operating and Storage Junction 
TJ, TSTG 
Temperature Range 
Maximum Lead Temperature for Soldering •.•............ 
TL 


(0.063" (1.6mm) from case for 10s) 


NOTES: 


1. TJ = +2SoCto 
+1500C 


2. Pulse Test: 
Pulse width :5 300l'S,Duty 
Cycle :5 2'lb 


3. Repetitive 
Rating: 
Pulse width 
limited 
by Max. junction 
temperature. 
See 
Transient 
Thermal 
Impedance 
Curve (Figure 
5) 


IRF9540 
IRF9541 
IRF9542 
IRF9543 


-100 
-60 
-100 
-60 
-100 
-60 
-100 
-60 


-19 
-19 
-15 
-15 
-12 
-12 
-10 
-10 
-76 
-76 
-60 
-60 
±20 
±20 
±20 
±20 
125 
125 
125 
125 


960 
960 
960 
960 
-55 to +150 
-55to+150 
-55 to +150 
-55 to +150 


300 
300 
300 
300 


UNITS 


V 
V 


~ 
....• 
w 
wu.. 
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zO 
ce::E 
x a:: 
Uw 
'3 
0.0a. 


_ ....... -~------ 
..- 
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Orain-Source 
Breakdown 
Voltage 
BVOSS 
VGS = OV,IO = -25OI1A 
IRF9540,IRF9542 
-100 
- 
- 
V 


IRF9541,IRF9543 
-60 
- 
- 
V 


Gate Threshold Voltage 
VGSITH\ 
VOS - VGS, 10 - -2SOI1A 
-2.0 
- 
-4.0 
V 


Gate-Source 
Leakage Forward 
IGSS 
VGS=-20V 
- 
- 
-SOO 
nA 


Gate-Source 
Leakage Reverse 
IGSS 
VGS = 20V 
- 
- 
500 
nA 


Zero Gate Voltage Orain Current 
lOSS 
VOS = Max Rating, VGS = OV 
- 
- 
-250 
I1A 


VOS = Max Rating x 0.8, VGS = OV, 
- 
- 
-1000 
I1A 
TC=+1250C 


On-State 
Orain Current (Note 2) 
10(ON) 
VOS> 
10(ON) x rOS(ON) Max, VGS = -1 OV 
IRF9540,IRF9541 
-19 
- 
- 
A 


IRF9542,IRF9543 
-15 
- 
- 
A 


Static Orain-Source 
On-State 
rOS(ON) 
VGS--l0V,10 
--lOA 
Resistance (Note 2) 
IRF9540,IRF9541 
- 
0.15 
0.20 
n 


IRF9542,IRF9543 
- 
0.22 
0.30 
n 


Forward Transconductance 
(Note 2) 
9fs 
VOS> 
10lONI x rOSIONI Max, 10 - -6A 
5 
7 
- 
Sm) 


Input Capacitance 
CISS 
VGS - OV,VOS - -25V, f - 1.0MHz 
- 
1100 
- 
pF 


Output Capacitance 
COSS 
See Figure 10 
- 
550 
- 
pF 


Reverse Transfer Capacitance 
CRSS 
- 
250 
- 
pF 


Turn-On 
OelayTime 
tdlONI 
VOO =0.5 BVOSS,IO - -19A, RG - 9.1n 
- 
16 
20 
ns 


RiseTime 
tr 
See Figure 17. (MOSFET sWitching times 
- 
65 
100 
ns 


Turn-Off 
OelayTime 
tdlOFFI 
are essentially independent 
of operating 
- 
47 
70 
temperature.) 
ns 


Fall Time 
tf 
- 
28 
70 
ns 


Total Gate Charge 
Qg 
VGS = -1 OV,IO = -19A, VOS = 0.8 Max 
- 
70 
90 
nC 
(Gate-Source 
+ Gate-Orain) 
Rating. See Figure 18 for test circuit. 


Gate-Source 
Charge 
Qas 
(Gate charge is essentially independent 
of 
- 
14 
- 
nC 


Gate-Orain 
("Miller") 
Charge 
Qqd 
operating temperature.) 
- 
56 
- 
nC 


Internal Orain Inductance 
LO 
Measured from the 
Modified MOSFET 
- 
3.5 
- 
nH 
contact screw on tab 
symbol showing the 
to center of die. 
internal device 


Measured from the 
inductances. 
- 
4.5 
- 
nH 


drain lead, 6mm 


~ 


(0.25") from pkg. to 
center of die. 


Internal Source Inductance 
LS 
Measured from the 
- 
7.5 
- 
nH 
source lead, 6mm 
LS 
(0.25") from pkg. to 
S 
source bonding pad. 


Junction-ta-Case 
ROJC 
- 
- 
1 
°C/W 
Case-to-Sink 
ROCS 
Mounting surface flat, smooth and greased 
- 
1.0 
- 
°C/W 
Junction-ta-Ambient 
ROJA 
Typical socket mount 
- 
- 
80 
°C/W 


Continuous 
Source Current 
IS 
Modified MOSFET 


~ 


- 
- 
-19 
A 


(Body Oiode) 
symbol showing the 


Pulse Source Current 
ISM 
integral reverse 
- 
- 
-76 
A 


(Body Oiode) (Note 3) 
P-N junco rectifier. 


Oiode Forward Voltage (Note 2) 
VSO 
TC = +250C,IS 
= -19A, VGS = OV 
- 
- 
-1.5 
V 


Reverse Recovery Time 
trr 
TJ = +1500C,IF 
= 19A, dlF/dt = 100NI1s 
- 
170 
- 
ns 


Reverse Recovered 
Charge 
QRR 
TJ = +1500C,IF 
= 19A, dlF/dt = 100A/I1S 
- 
0.8 
0 
I1C 


Forward Turn-on 
Time 
tON 
Intrinsic turn-on 
time is negligible. Turn-on 
- 
- 
- 
- 


speed is substantially 
controlled 
by LS + LO. 


NOTES: 1. TJ = +250C to +1500C 
2. Pulse Test: 
Pulse width < 300 •.•.s, 
Duty Cycle ~ 2% 


3. Repetitive Rating: 
Pulse width limited by max. 


junction 
temperature. 
See Transient 
Thermal 
Impedance 
Curve (Figure 5) 


4. VDD = 25V, Start TJ = +250C, L = 4mH, 


RG = 250, Peak IL = 19A (See Figure. 15 
and 16) 
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Fig. 3 - Typical saturation characteristics. 
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mHARRIS 
IRF9620, IRF9621 
IRF9622, IRF9623 
Avalanche 
Energy Rated 
P-Channel 
Power MOSFETs 


Features 


• -3A 
and 
-3.5A, 
-150V 
and 
-200V 


• rDS(ONj 
= 1.50 
and 
2.40 


• Single 
Pulse 
Avalanche 
Energy 
Rated 


• SOA 
is Power-Dissipation 
Limited 


• Nanosecond 
Switching 
Speeds 


• Linear 
Transfer 
Characteristics 


TO-220AB 


TOP VIEW 


Description 


The IRF9620, 
IRF9621, 
IRF9622 
and 
IRF9623 
are advanced 
power 
MOSFETs 
designed, 
tested, 
and 
guaranteed 
to 
withstand 
a 
specified 
level 
of 
energy 
in 
the 
breakdown 
avalanche 
mode 
of 
operation. 
These 
are 
p-channel 
enhancement-mode 
silicon-gate 
power 
field-effect 
transistors 
designed 
for 
applications 
such 
as 
switching 
regulators, 
switching 
converters, 
motor 
drivers, 
relay drivers, 
and drivers 
for 
high-power 
bipolar 
switching 
transistors 
requiring 
high 
speed 
and low gate-drive 
power. 
These types 
can be operated 
directly 
from 
integrated 
circuits. 


The 
IRF types 
are supplied 
in the JEDEC 
TO-220AB 
plastic 
package. 


Terminal Diagram 


P-CHANNEL ENHANCEMENT MODE 


Drain-Source Voltage (1) 
VDS 
Drain-Gate Voltage (RGS = 20kO) (1) 
VOGR 
Continuous Orain Current 
TC = 250C 
10 
TC = 1COoC 
10 
Pulsed Orain Current (3) 
10M 
Gate-Source Voltage 
VGS 
Maximum Power Dissipation 
Po 
(See Figure 14) 
Linear Oerating Factor 
. 
(See Figure 14) 
Single Pulse Avalanche Energy Rating (4) 
Eas 
Operating and Storage Junction 
TJ, TSTG 
Temperature Range 
Maximum Lead Temperature for Soldering ........•...... 
TL 
(0.063" (1.6mm) from case for 10s) 


IRF9620 
IRF9621 
IRF9622 
IRF9623 


-200 
-150 
-200 
-150 
-200 
-150 
-200 
-150 


-3.5 
-3.5 
-3 
-3 
-2 
-2 
-1.5 
-1.5 
-14 
-14 
-12 
-12 
±20 
±20 
±20 
±20 
40 
40 
40 
40 


0.32 
0.32 
0.32 
0.32 


290 
290 
290 
290 
-55to+150 
-55to 
+150 
-55 to +150 
-55to 
+150 


300 
300 
300 
300 


NOTES: 


1. TJ = +2SoC to +1S00C 


2. Pulse Test: Pulse width ~ 300~s,Outy Cycle 
.:5. 2% 


3. Repetitive 
Rating: 
Pulse width 
limited 
by max. junction 
temperature. 
See 
Transient 
Thermal 
Impedance 
Curve (Figure 
5) 


UNITS 


V 
V 


LIMITS 


CHARACTERISTIC 
SYMBOL 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Drain-Source 
Breakdown Voltage 
BVDSS 
VGS = OV,ID = -2S0flA 
IRF9620,IRF9622 
-200 
- 
- 
V 


IRF9621,IRF9623 
-lS0 
- 
- 
V 


Gate Threshold Voltage 
VGSlTH) 
VDS = VGS, 10 = -250~A 
-2.0 
- 
-4.0 
V 
Gate-Source Leakage Forward 
IGSS 
VGS=-20V 
- 
- 
-500 
nA 


Gate-Source Leakage Reverse 
IGSS 
VGS- 
20V 
- 
- 
SOO 
nA 


Zero Gate Voltage Drain Current 
lOSS 
VOS - Max Rating, VGS - OV 
- 
- 
-2S0 
~A 


VOS - Max Rating x 0.8, VGS - OV, 
- 
- 
-1000 
~A 
TC=+12S0C 


On-State Drain Current (Note 2) 
10(ON) 
VOS> 10(ON) x rOS(ON) Max, VGS = -1 OV 
IRF9620,IRF9621 
-3.S 
- 
- 
A 


IRF9622,IRF9623 
-3 
- 
- 
A 


Static Drain-Source 
On-State 
rOS(ON) 
VGS - -10V,10 - -l.SA 
Resistance (Note 2) 
IRF9620,IRF9621 
- 
1.0 
1.S 
0 


IRF9622,IRF9623 
- 
1.S 
2.4 
0 
Forward Transconductance 
(Note 2) 
9fs 
VOS> 10lONl x rOStONI Max, ID - 1.SA 
1 
1.8 
- 
Sm) 
Input Capacitance 
CISS 
VGS - OV,VOS - -2SV, f - 1.0MHz 
- 
3S0 
- 
pF 


Output Capacitance 
COSS 
See Figure 10 
- 
100 
- 
pF 


Reverse Transfer Capacitance 
CRSS 
- 
30 
- 
pF 


Turn-On OeiayTime 
tdtONl 
VOO -O.S BVOSS, 10- -3.SA, RG - son 
- 
30 
SO 
ns 
RiseTime 
tr 
See Figure 17. (MOSFET switching times 
- 
SO 
100 
ns 
Turn-Off Delay Time 
!dIOFFI 
are essentially independent of operating 
- 
80 
120 
temperature.) 
ns 
Fall Time 
tf 
- 
50 
7S 
ns 
Total Gate Charge 
Qg 
VGS - -1 OV,IO - -3.SA, VDS = 0.8 Max 
- 
16 
22 
nC 
(Gate-Source + Gate-Drain) 
Rating. See Figure 18 for test circuit 


Gate-Source Charge 
Qos 
(Gate charge is essentially independent of 
- 
9 
- 
nC 
Gate-Drain ("Miller") Charge 
Qod 
operating temperature.) 
- 
7 
- 
nC 
Internal Drain Inductance 
LD 
Measured from the 
Modified MOSFET 
- 
3.S 
- 
nH 
contact screw on tab 
symbol showing the 
to center of die. 
internal device 


Measured from the 
inductances. 
- 
4.S 
- 
nH 
drain lead, 6mm 


~ 


(0.2S") from pkg. to 
center of die. 


Internal Source Inductance 
LS 
Measured from the 
- 
7.S 
- 
nH 
source lead, 6mm 
LS 
(0.2S") from pkg. to 
source bonding pad. 
S 
Junction-to-Case 
ReJC 
- 
- 
3.12 
°C/W 
Case to-Sink 
ROCS 
Mounting surface flat, smooth and greased 
- 
1.0 
- 
°C/W 
Junction-to-Ambient 
ROJA 
Typical socket mount 
- 
- 
80 
°C/W 


Continuous Source Current 
IS 
Modified MOSFET 


~ 


- 
- 
-3.S 
A 
(Body Diode) 
symbol showing the 
Pulse Source Current 
ISM 
integral reverse 
- 
- 
-14 
A 
(Body Diode) (Note 3) 
P-N juncorectifier. 


Diode Forward Voltage (Note 2) 
VSO 
TC = +2SOC,IS = -3.SA, VGS = OV 
- 
- 
-l.S 
V 
Reverse Recovery Time 
trr 
TJ - +lS00C,IF 
- -3.SA, dlF/dt -1 OOA/~s 
- 
300 
ns 
Reverse Recovered Charge 
QRR 
TJ - +lS00C,/F 
- -3.SA, dIF/dt-l00Al~s 
- 
1.9 
- 
~C 
Forward Turn-on Time 
tON 
Intrinsic turn-on time is negligible. Turn-on 
- 
- 
- 
- 
speed is substantially controlled by LS + LO. 


NOTES: 
1. TJ = +2Soc to +1S00C 
2. Pulse Test: Pulse width S 300~s, 
Duty Cycle So 2% 


3. Repetitive Rating: 
Pulse width limited by max. 


junction 
temperature. 
See Transient 
Thermal 
Impedance 
Curve (Figure 5) 


4. VDD = SOV, Start TJ = +2SoC, L = 3S.SmH, 


RG = 2S0, 
Peak IL = 3.SA (See Figures 1S 
and 16) 


-5 


-4 
~ 
it 
"~ -3 
.. 
~ 
:> 
u 


-2 
z: 
0 
E 


-\ 


-IOV 
'1- 
I 


-IV 


.:!'!... 
-IV 


IOJ •• lSE:TEST 


JGS' 
-6V 


-~V 


-lv 


-5 


-4 
~ 
it 
" 
-3 
~..z 
'"'":> 
u 
-2 
z: 
0 
E 
-, 


IG •••, 'UlSE 
,TEST 
IJ I 
Vas> 
laton) x 


ROSlonl..... 
ITJ• -~oc 
1I 


TJ' 250C••••-..... I 


TJ .moc 
•••••.••••. 'I 


J 


..<Ill( 


IRF9621,3 


-2 
-5 
-10 
-20 
-so 
-100 
-200 
-500 


Vos, 
DRA.IN·TO·SOURCE 
VOLTAGE 
(VOLTS) 


9205-44205 


..z 
~;L 
~ 
•.•. 
1.0 
wz 
>:> 


~~ 
05 ~:: 


~ ~ 
0.2 
3~ 
-0.1 
i~ 0.1=0.05 
~i0.05 
==-"0.02 
2~ 
~~.Ol.~ 
~ •... 0.02 
- ~ 
I I I SINGLE 
PULSE 
(TRANSIENT 
_ 
W ~,~Al'~P~ 
OAN,CE\ , 
~ 
I 
I 
III 
I I 
I I 
N 
001 


10-5 


III 
1III 


I 
III 


III 
1111 
I 1111111 


I 
11111I 


I 
I II11111 


I 
I 
1111111 


In 


TTT 


I 
DUTY 
FACTOR, 
0" 
11 
12 


2. PERUNITlASE' 
R1hJC' 3.\2 OEG CIW. 


3. TJM . T C • POM ZU\JCIII. 


Fig. 5 - Maximum 
effective transient thermal impedance, 


junction-to-case 
vs. pulse duration. 


-.l."J" TEl, 
I 
I 
I 
I 
I 


Vas;" 
lolon) 
x ROSlan) 
mIX. 


TJ'" -sSGC 


/ ". 


TJ '" 25°C 


/ /' ~ 


TJ" us!c 
1/ ./ •..... 
!J'/, 


'.0 


32 
~ 
~ 
§ 


u 
2.' 
z 
~ 
0 


~ 


1.6 


~~ 0.8 


...••.~ 


.•.....~ 


-,V 
•.... 


l./ .•..... 


~ 


1\ 


.1. 
J 
VGS·O 
\ 
'I" 
MH. 


\ 


...... 


""'- •... 
.I 


C,,, 
\ 


C1U 
~ CIJS+ Cgd. Cds SHO RHO 
e,u 
s Cgd 
\ 


C" Cgd 
Cou '" Cds· 
Cg5 
+ Cgd 


\ 
'" 


'" Cds· Cgd 
, 
~ 
L 
- 
" 
•..•... 
Jc,,, 


- 
300 
uz;<. 
u:. 
~ 
200 


u 


-100 
8 
8 


TJ= lS0'C",,- 
........-:: ~ 


/1 
/ ;--TJ=2S'C 
V 


I 
I 
/ 
I 
/ 
I 
- 0.1 
-0.4 
-0.6 
-0.8 
-1.0 
-1.2 
-1.4 
-1.6 
-1.8 


NEGATIVE 
VSD' 
SOURCE-TO-DRAIN 
VOLTAGE 
(VOLTS) 


1/ 
/" 


./ 
V 


/ /' 


"es" -10V 
,,/ 
I 
I 


-" 
10" 
-1.0A 


V 


z 
2.0 
~~ 
~ 
•.•.•w 
w ••.• 
zCl> 
zCl 
<:::E 
::Cc:c 
"'w 
cL~ 
Cl 
A. 


co 


~ 
-5 


8 
12 
16 


ago TOTA.L 
GATE 
CHARGE 
InCI 


ROS(on) 
MEASURED 
WITH CURRENT 
PULSE OF 


2.0~s 
DURATION. 
INITIAL 
TJ" 
25°C. 
(HEATING 
EFFECT 
OF 2.0 ~s PULSE IS MIN1IMAl.i 


I 
I. 
VGS '-loV 
II 
/ 


/ 
./ 
- 


•..•...- ...••.. VGS ~-IOV 


1-- 
-- - 


1 


·4 
8 
11 
16 


10- DRAIN 
CURRENT 
(AMPERES) 


40 


35 


;;; 
30 
::..•~ 25 
z 
0 
>=;t 
20 
ill 
<5~ 
~ 


15 


~ 10 


"""\...\ 
"~ 
t\. 


·5 


.. 


~~,. 


·3 
~ 
•... 
~ 
G 
-2 
z 
~ 
E 


..•..•..t'---.. 
..•..•..t'-..... 
..........1-.... 
I 


....•...•. 
IRF962o. 9621 


IRF9622,9~ 


••....•.. 


.......•••.•.••.•, 


..•..•.• 


~ 


1\, 


'. 
Lovr-----1 


VGS=-10~I 


r------------- 
, 
I 


" 
I 
, 
I 


I )'-'" 1/ 


tp 
BYDSS 


-VOS 
(ISOLATED 
SUPPLY) 


SAME TYPE 


AS OUT 


o 
1 


~.5mA 
t 
'G 
CURRENT 
SAMPLING 
RESISTOR 


'0 


CURRENT 
SAMPLING 
RESISTOR 


mHARRIS 
IRF9630, IRF9631 
IRF9632, IRF9633 
Avalanche 
Energy Rated 
P-Channel 
Power MOSFETs 


Features 


• -S.SA 
and 
-6.SA, 
-1S0V 
and 
-200V 


• rDS(ON) 
= o.ao and 
1.20 


• Single 
Pulse 
Avalanche 
Energy 
Rated 


• SOA 
is Power-Dissipation 
Limited 


• Nanosecond 
Switching 
Speeds 


• Linear 
Transfer 
Characteristics 


• High 
Input 
Impedance 


TO-220AB 
TOP VIEW 


Description 


The IRF9630, 
IRF9631, 
IRF9632 
and 
IRF9633 
are advanced 
power 
MOSFETs 
designed, 
tested, 
and 
guaranteed 
to 
withstand 
a 
specified 
level 
of 
energy 
in 
the 
breakdown 
avalanche 
mode 
of 
operation. 
These 
are 
p-channel 
enhancement-mode 
silicon-gate 
power 
field-effect 
transistors 
designed 
for 
applications 
such 
as 
switching 
regulators, 


switching 
converters, 
motor 
drivers, 
relay 
drivers, 
and 
drivers 
for 
high-power 
bipolar 
switching 
transistors 
requiring 
high 
speed 
and low gate-drive 
power. 
These types 
can be operated 
directly 
from 
integrated 
circuits. 


The 
IRF types 
are supplied 
in the JEDEC 
TO-220AB 
plastic 
package. 


Terminal Diagram 


P-CHANNEL ENHANCEMENT MODE 


Drain-Source Voltage (1) . . . . . . . . . . . . . . . . . . . . . . . . . . .. 
VDS 
Drain-Gate Voltage (RGS = 20kO) (1) 
VDGR 
Continuous Drain Current 
TC = 250C . . . . . . . . . . . . • • . . . . • • • . . . • • • • • . • . . . . • . . . .. 
ID 
TC = 1000C 
ID 
Pulsed Drain Current (S) 
IDM 
Gate-Source Voltage 
VGS 


Maximum Power Dissipation 
PD 
(See Figure 14) 
Linear Derating Factor 
. 


(See Figure 14) 
Single Pulse Avalanche Energy Rating (4) 
Eas 
Operating and Storage Junction 
TJ, TSTG 
Temperature Range 
Maximum Lead Temperature for Soldering 
TL 
(0.06S" (1.6mm) from case for 105) 


IRF9630 
IRF9631 
IRF9632 
IRF9633 


-200 
-150 
-200 
-150 
-200 
-150 
-200 
-150 


-6.5 
-6.5 
-5.5 
-5.5 
-4.0 
-4.0 
-S.5 
-S.5 
-26 
-26 
-22 
-22 
±20 
±20 
±20 
±20 
75 
75 
75 
75 


0.6 
0.6 
0.6 
0.6 


500 
500 
500 
500 
-55to 
+150 
-55to+150 
-55 to +150 
-55 to +150 


SOO 
SOO 
S00 
SOO 


UNITS 


V 
V 


NOTES: 


1. TJ = +250C 
to +1500C 


2. Pulse Test: 
Pulse width 
~ 300~s,Duty 
Cycle S 2% 


3. Repetitive Rating: 
Pulse width limited by maxL junction temperature. 
See 
Transient Thermal 
Impedance 
Curve (Figure 5) 


LIMITS 


CHARACTERISTIC 
SYMBOL 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Drain-Source 
Breakdown 
Voltage 
BVOSS 
VGS = OV,IO = -250fIA 
IRF9630,IRF9632 
-200 
- 
- 
V 


IRF9631,IRF9633 
-150 
- 
- 
V 


Gate Threshold Voltage 
VGSITH) 
VOS = VGS, 10 = -250~A 
-2.0 
- 
-4.0 
V 


Gate-Source 
Leakage Forward 
IGSS 
VGS=-20V 
- 
- 
-500 
nA 


Gate-Source 
Leakage Reverse 
IGSS 
VGS=20V 
- 
- 
500 
nA 


Zero Gate Voltage Drain Current 
lOSS 
VOS - Max Rating, VGS - OV 
- 
- 
-250 
fIA 


VOS - Max Rating x 0.8, VGS - OV, 
- 
- 
-1000 
fIA 
TC = +1250C 


On-State 
Drain Current (Note 2) 
'O(ON) 
VOS> 
'O{ON) x rOS{ON) Max, VGS = -1 OV 
IRF9630,IRF9631 
-6.5 
- 
- 
A 


IRF9632,IRF9633 
-5.5 
- 
- 
A 


Static Drain-Source 
On-State 
rOS{ON) 
VGS - -1 OV,ID - -3.5A 
Resistance (Note 2) 


IRF9630,IRF9631 
- 
0.5 
0.8 
0 


IRF9632,IRF9633 
- 
0.8 
1.2 
0 


Forward Transconductance 
(Note 2) 
9fs 
VOS> 
'OION\ x rOSrONl Max, 10 - 3.5A 
2.2 
3.5 
- 
Sm) 


Input Capacitance 
CISS 
VGS - OV,VOS - -25V, f - 1.0MHz 
- 
550 
- 
pF 


Output Capacitance 
COSS 
See Figure 10 
- 
170 
- 
pF 


Reverse Transfer Capacitance 
CRSS 
- 
50 
- 
pF 


Turn-On 
OelayTime 
tdlONl 
VOO -0.5 
BVOSS, '0 - -6.5A, RG - 500 
- 
30 
50 
ns 


Rise Time 
tr 
See Figure 17. (MOSFET switching 
times 
- 
50 
100 
ns 


Turn-Off 
Delay Time 
ldlOFFl 
are essentially independent 
of operating 
- 
50 
100 
temperature.) 
ns 


Fall Time 
tf 
- 
40 
80 
ns 


Total Gate Charge 
Qg 
VGS - -10V,ID 
- -6.5A, VOS - 0.8 Max 
- 
31 
45 
nC 


(Gate-Source 
+ Gate-Drain) 
Rating. See Figure 18 for test circuit 


Gate-Source 
Charge 
Qas 
(Gate charge is essentially independent 
of 
- 
18 
- 
nC 


Gate-Drain 
("Miller") 
Charge 
Qad 
operating temperature.) 
- 
13 
- 
nC 
Internal Drain Inductance 
LO 
Measured from the 
Modified MOSFET 
- 
3.5 
- 
nH 
contact screw on tab 
symbol showing the 
to center of die. 
internal device 


Measured from the 
inductances. 
- 
4.5 
- 
nH 
. 


drain lead, 6mm 


~ 


(O.25") from pkg. to 
center of die. 


Internal Source Inductance 
LS 
Measured from the 
- 
7.5 
- 
nH 
source lead, 6mm 
LS 
(0.25") from pkg. to 
source banding pad. 
S 
Junction-to-Case 
ROJC 
- 
- 
1.67 
°C/W 
Case-to-Sink 
ROCS 
Mounting surface flat, smooth and greased 
- 
1.0 
- 
oC/W 


Junction 
to-Ambient 
ROJA 
Typical socket mount 
- 
- 
80 
°C/W 


Continuous 
Source Current 
'S 
Modified MOSFET 


~ 


- 
- 
-6.5 
A 
(Body Diode) 
symbol showing the 


Pulse Source Current 
ISM 
integral reverse 
- 
- 
-26 
A 
(Body Diode) (Note 3) 
P-N junco rectifier. 


Diode Forward Voltage (Note 2) 
VSO 
TC = +250C, IS = -6.5A, VGS = OV 
- 
- 
-1.5 
V 
Reverse Recovery Time 
trr 
TJ - +1500C,IF 
--6.5A,dIF/dt-100N~s 
- 
400 
- 
ns 
Reverse Recovered 
Charge 
QRR 
TJ - +1500C,IF--6.5A, 
dIF/dt-100N~s 
- 
2.6 
- 
~C 
Forward Turn-on 
Time 
tON 
Intrinsic turn-on 
time is negligible. Turn-on 
- 
- 
- 
- 
speed is substantially 
controlled 
by LS + LD. 


NOTES: 
I. TJ = +2SoC to +1S00C 
2. Pulse Test: 
Pulse width .:;;300~ •• 
Duty Cycle S 2% 


3. Repetitive Rating: 
Pulse width limited by max. 


junction 
temperature. 
See Transient 
Thermal 
Impedance 
Curve (Figure S) 


4. VDD = SOV. Start TJ = +2SoC. 
L = 17.7SmH. 


RG = 2S0. 
Peak IL = 6.SA (See Figures IS 


and 16) 
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Fig. 5 - Maximum 
effective 
transient 
thermal impedance, 
junction- 
to-case 
vs. pulse duration. 
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IRF9640,IRF9641 
IRF9642, IRF9643 


Avalanche 
Energy Rated 


P-Channel 
Power MOSFETs 


mHARRIS 


• -9A and -11A, -150V and -200V 


• rDS(ON) = 0.50 and 0.70 


• Single Pulse Avalanche Energy Rated 


• SOA is Power-Dissipation 
Limited 


• Nanosecond Switching Speeds 


• Linear Transfer Characteristics 


• High Input Impedance 


TO-220AB 
TOP VIEW 


Description 


The IRF9640, IRF9641, IRF9642 and IRF9643 are advanced 
power 
MOSFETs designed, tested, and 
guaranteed to 
withstand a specified level of energy in the breakdown 
avalanche 
mode 
of 
operation. 
These 
are 
p-channel 
enhancement-mode silicon-gate power field-effect transistors 
designed for 
applications such 
as switching 
regulators, 


switching converters, motor drivers, relay drivers, and drivers 
for high-power bipolar switching transistors requiring high 
speed and low gate-drive power.Thesetypes can be operated 
directly from integrated circuits. 


The IRF types are supplied in the JEDEC TO-220AB plastic 
package. 


Terminal Diagram 


P-CHANNEL 
ENHANCEMENT 
MODE 


Drain-Source Voltage (1) ..•.•....•..•..•.•.••.•..•.. 
VDS 
Drain-Gate Voltage (RGS = 20kO) (1) 
VOGR 
Continuous Drain Current 
TC = 250C 
10 
TC = 1000C 
•....••.........•.•...•..•.•.•.......•. 
10 
Pulsed Drain Current (3) ..........•................... 
10M 
Gate-Source Voltage 
•.....••...••.•.•..•••.•....... 
VGS 
Maximum Power Dissipation ••...••.••......•.......... 
Po 
(See Figure 14) 


Unear Derating Factor ...••.•............•...•..........• 


(See Figure 14) 
Single Pulse Avalanche Energy Rating (4) ..•............ 
Eas 
Operating and Storage Junction 
TJ, TSTG 
Temperature Range 
Maximum Lead Temperature for Soldering ..............• 
TL 
(0.063" (1.6mm) from case for 10s) 


IRF9640 
IRF9641 
IRF9642 
IRF9643 


-200 
-150 
-200 
-150 


-200 
-150 
-200 
-150 


-11 
-11 
-9 
-9 


-7 
-7 
-6 
-6 


-44 
-44 
-36 
-36 


±20 
±20 
±20 
±20 


125 
125 
125 
125 


790 
790 
790 
790 


-55to+150 
-55to+150 
-55 to +150 
-55 to +150 


300 
300 
300 
300 


NOTES: 


1. TJ = +2SoC to +IS00C 


2. Pulse Test: Pulse width ~ 300~s.Duty Cycle So 2% 


3. Repetitive Rating.: Pulse width limited by max. junction temperature. 
See 


Transient Thermal 
Impedance 
Curve (Figure 5) 


UNITS 


V 
V 


LIMITS 


CHARACTERISTIC 
SYMBOL 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Drain-Source 
Breakdown 
Voltage 
BVOSS 
VGS = OV, 10 = -250JJA 
IRF9640,IRF9642 
-200 
- 
- 
V 


IRF9641,IRF9643 
~ 
-150 
- 
- 
V 


Gate Threshold Voltage 
VGSITHl 
VOS - VGS, 10 - -25OMA 
-2.0 
- 
-4.0 
V 


Gate-Source 
Leakage Forward 
IGSS 
VGS--20V 
- 
- 
-500 
nA 


Gate-Source 
Leakage Reverse 
IGSS 
VGS=20V 
- 
- 
500 
nA 


Zero Gate Voltage Drain Current 
lOSS 
VOS - Max Rating, VGS - OV 
- 
- 
-250 
MA 


VOS = Max Rating x 0.8, VGS - OV, 
- 
- 
-1000 
JJA 
TC=+1250C 


On-State 
Drain Current (Note 2) 
10(ON) 
VOS> 
10(ON) x rOS(ON) Max, VGS = -1 OV 
IRF9640,IRF9641 
-11 
- 
- 
A 


IRF9642,IRF9643 
-9 
- 
- 
A 


Static Drain-Source 
On-State 
rOS(ON) 
VGS=-10V,10=-6A 
Resistance (Note 2) 
IRF9640,IRF9641 
- 
0.35 
0.5 
n 


IRF9642,IRF9643 
- 
0.55 
0.7 
n 


Forward Transconductance 
(Note 2) 
9fs 
VOS> 
10lONI x rOSIONl Max,IO - -6A 
4 
6 
- 
Sm) 


Input Capacitance 
C,SS 
VGS - OV,VOS - -25V, f - 1.0MHz 
- 
1100 
- 
pF 


Output Capacitance 
COSS 
See Figure 10 
- 
375 
- 
pF 


Reverse Transfer Capacitance 
CRSS 
- 
150 
- 
pF 


Turn-On 
Delay Time 
tdlONI 
VOO -0.5 
BVOSS, 10 - -11 A, RG - 9.1n 
- 
18 
22 
ns 


RiseTime 
tr 
See Figure 17. (MOSFET SWitching times 
- 
45 
68 
ns 


Turn-Off 
Delay Time 
!dIOFFl 
are essentially independent 
of operating 
- 
75 
90 
ns 
temperature.) 
Fall Time 
tf 
- 
29 
44 
ns 


Total Gate Charge 
Og 
VGS - -10V, 10 - -11A, VOS - 0.8 Max 
- 
70 
90 
nC 
(Gate-Source 
+ Gate-Drain) 
Rating. See Figure 18 for test circuit 


Gate-Source 
Charge 
OgS 
(Gate charge is essentially independent 
of 
- 
55 
- 
nC 


Gate-Drain 
("Miller") 
Charge 
Ogd 
operating temperature.) 
- 
15 
- 
nC 
Internal Drain Inductance 
LO 
Measured from the 
Modified MOSFET 
- 
3.5 
- 
nH 
contact screw on tab 
symbol showing the 
to center of die. 
internal device 


Measured from the 
inductances. 
- 
4.5 
- 
nH 
drain lead, 6mm 


~ 


(0.25") from pkg. to 
center of die. 


Internal Source Inductance 
LS 
Measured from the 
- 
7.5 
- 
nH 
source lead, 6mm 
LS 
(0.25") from pkg. to 
source bonding pad. 
S 
Junction-ta-Case 
ROJC 
- 
- 
1 
°C/W 
Case-to-Si 
nk 
ROCS 
Mounting surface flat, smooth and greased 
- 
1.0 
- 
°C/W 
Junction-ta-Ambient 
ROJA 
Typical socket mount 
- 
- 
80 
°C/W 


Continuous 
Source Current 
IS 
Modified MOSFET 


~ 


- 
- 
-11 
A 
(Body Diode) 
symbol showing the 


Pulse Source Current 
ISM 
integral reverse 
- 
- 
-44 
A 
(Body Diode) (Note 3) 
P-N junco rectifier. 


Diode Forward Voltage (Note 2) 
VSO 
TC = +250C, IS = -11A, VGS = OV 
- 
- 
-1.5 
V 
Reverse Recovery Time 
trr 
TJ - +1500C,IF 
--11A,dIF/dt 
-100NMS 
- 
300 
- 
ns 
Reverse Recovered Charge 
°RR 
TJ - +1500C,IF 
--11A, 
dlF/dt -100NMS 
- 
1.9 
- 
MC 
Forward Turn-on 
Time 
tON 
Intrinsic turn-on time is negligible. Turn-on 
- 
- 
- 
- 
speed is substantially 
controlled 
by LS + LO. 


NOTES: 
1. TJ = +250C 
to +1500C 
2. Pulse Test: 
Pulse width < 3ODI'S, 
Duty Cycle .52% 


3. Repetitive Rating: 
Pulse width limited by max. 


junction 
temperature. 
See Transient 
Thermal 
Impedance 
Curve (Figure 5) 


4. VDD = 50V, Start TJ = +250C, 
L - 
9.8mH, 


RG = 250, 
Peak IL - 
11A (See Figures 15 
and 16) 
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Ell HARRIS 


• -O.6A and -O.7V. -60V and -100V 


• rDSION) = 1.20 and 1.60 


• Single Pulse Avalanche Energy Rated 


• SOA is Power-Dissipation 
Limited 


• Nanosecond Switching Speeds 


• Linear Transfer Characteristics 


• High Input Impedance 


Description 


The IRFD9110 and IRFD9113 are advanced power MOSFETs 
designed, tested, and guaranteedto withstand a specified level 
of energy in the breakdown avalanche mode of operation. 
These are p-channel enhancement-mode silicon-gate power 
field-effect 
transistors designed for applications such as 
switching regulators, switching converters, motor drivers, relay 
drivers, 
and 
drivers 
for 
high-power 
bipolar 
switching 
transistors requiring high speed and low gate-drive power. 
These types can be operated directly from integrated circuits. 


The IRFD types are supplied in the 4-Pin dual-in-line plastic 
package. 


IRFD9110 
IRFD9113 
Avalanche Energy Rated 


P-Channel Power MOSFETs 


4-PIN DUAL-IN-L1NE 
TOP VIEW 
O 


SOURCE 


DRAIN 


GATE 


Terminal Diagram 


P-CHANNEL 
ENHANCEMENT 
MODE 


Drain-Source Voltage (1) •••..••••....•.•••.....•••..........•••••....... 
VOS 
Drain-Gate Voltage (RGS= 20kO)(1) 
...•........................•....... 
VOGR 
Continuous Drain Current 
TC = 250C •............................................................ 
10 
Pulsed Drain Current •..••••...•.........•.......•........................ 
IOM 
Gate-Source Voltage 
VGS 
Maximum Power Dissipation ....•••.....•••........••............•......... 
Po 
(See Figure 13) 
Unear Derating Factor •••..••......••......................................... 


(See Figure 13) 
Single Pulse Avalanche Energy Rating (3) .....................•...........•• 
Eas 
Operating and Storage Junction ...................•..........•••.••.. 
TJ, TSTG 
Temperature Range 
Maximum Lead Temperature for Soldering .....................•..•.......... 
TL 
(0.063" (1.6mm) from case for 10s) 


NOTES: 


1. TJ = 250C to 150°C 


2. Pulse Test: Pulse width :s 300~s, Duly Cycle :s 2% 


IRFD9110 
IRFD9113 
UNITS 


-100 
-60 
V 
-100 
-60 
V 


-0.7 
-0.6 
A 
-3.0 
-2.5 
A 
±20 
±20 
V 
1.0 
1.0 
W 


0.008 
0.008 
WloC 


190 
190 
mJ 
-55to+150 
-55to+150 
°c 


300 
300 
°c 


UMITS 


CHARACTERISTIC 
SYMBOL 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Drain-Source 
Breakdown 
Voltage 
BVDSS 
VGS = OV, ID = -250flA 
IRFD9110 
-100 
- 
- 
V 


IRFD9113 
-60 
- 
- 
V 


Gate Threshold Voltage 
VGSlTHl 
VDS = VGS, 10 = -2SOIlA 
-2.0 
- 
-4.0 
V 


Gate-Source 
Leakage Forward 
IGSS 
VGS=-20V 
- 
- 
-SOO 
nA 


Gate-Source 
Leakage Reverse 
IGSS 
VGS=20V 
- 
- 
500 
nA 


Zero Gate Voltage Drain Current 
IDSS 
VOS - Max Rating, VGS - OV 
- 
- 
-250 
flA 


VDS - Max Rating x O.S,VGS - OV, 
- 
- 
-1000 
flA 
TC=+1250C 


On-State 
Drain Current (Note 2) 
ID(ON) 
VDS:>- JD(ON) x rDS(ON) Max, VGS = -1 OV 
IRFD9110 
-0.7 
- 
- 
A 


IRFD9113 
-0.6 
- 
- 
A 


Static Drain-Source 
On-State 
rDS(ON) 
VGS = -10V,ID 
= -0.3A 
Resistance (Note 2) 
IRFD9110 
- 
1.0 
1.2 
n 


IRFD9113 
- 
1.2 
1.6 
n 


Forward Transconductance 
(Note 2) 
9fs 
VDS:5 50V, 10 - -0.6A 
0.59 
O.SS 
- 
S(U) 


Input Capacitance 
CISS 
VGS - OV,VDS - -25V, f - 1.0MHz 
- 
1S0 
- 
pF 


Output Capacitance 
COSS 
See Figure 9 
- 
S5 
- 
pF 


Reverse Transfer Capacitance 
CRSS 
- 
30 
- 
pF 


Turn-On 
Delay Time 
tdlONl 
VDD =0.5,ID 
= 0.7 A, RG = 9.1n 
- 
15 
30 
ns 


Rise Time 
tr 
See Figure 16. (MOSFET switching 
times 
- 
30 
60 
ns 


Turn-Off 
Delay Time 
1dIOFFl 
are essentially independent 
of operating 
- 
20 
40 
temperature.) 
ns 


Fall Time 
tf 
- 
20 
40 
ns 


Total Gate Charge 
Og 
VGS - -10V,ID 
- -0.7A, VDS -O.S Max 
- 
11 
15 
nC 
(Gate-Source 
+ Gate-Drain) 
Rating. See Figure 17 for test circuit 


Gate-Source 
Charge 
OQS 
(Gate charge is essentially independent 
of 
- 
5.7 
- 
nC 


Gate-Drain 
("Miller") 
Charge 
0Qd 
operating temperature.) 
- 
5.3 
- 
nC 


Internal Drain Inductance 
LD 
Measured from the 
Modified MOSFET 
- 
4.0 
- 
nH 


drain lead, 2.0mm 
symbol showing the 
(O.OS")from header 
internal device 
to center of die 
inductances. 


Internal Source Inductance 
LS 
Measured from the 


~ 


- 
6.0 
- 
nH 
source lead, 2.0mm 
(O.OS")from header 
to source bonding 
pad. 


LS 


S 


Junction-to-Ambient 
RaJA 
Typical socket mount 
- 
- 
120 
°CIW 


Continuous 
Source Current 
IS 
Modified MOSFET 


~ 


- 
- 
-0.7 
A 
(Body Diode) 
symbol showing the 


Pulse Source Current 
ISM 
integral reverse 
- 
- 
-3.0 
A 
(Body Diode) (Note 3) 
P-N junco rectifier. 


Diode Forward Voltage (Note 2) 
VSD 
TC = +250C,IS 
= -0.7A, VGS = OV 
- 
- 
-1.5 
V 
Reverse Recovery Time 
trr 
TJ - +1500C,IF 
- -0.7A, dIF/dt= 
100NIIS 
- 
120 
- 
ns 
Reverse Recovered Charge 
°RR 
TJ - +1500C,IF 
- -0.7A, dIF/dt-100NIIS 
6.0 
IIC 
Forward Turn-on 
Time 
tON 
Intrinsic turn-on 
time is negligible. Turn-on 
- 
- 
- 
speed is substantially 
controlled 
by LS + LD. 


NOTES: 1. TJ = +2SoC to +1S00C 


2. Pul.e Te.t: 
Pul.e width ~ 300~•• Duty Cycle ~ 2% 
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• -1.0A and -o.av, -60V and -100V 


• rDSION) = 0.60 
and o.ao 


• Single Pulse Avalanche Energy Rated 


• SOA is Power-Dissipation 
Limited 


• Nanosecond Switching 
Speeds 


• Linear Transfer Characteristics 


Description 


The IRFD9120 and IRFD9123 are advanced power MOSFETs 
designed, tested, and guaranteed to withstand a specified level 
of energy in the breakdown avalanche mode of operation. 
These are p-channel enhancement-mode silicon-gate power 
field-effect 
transistors designed for applications such as 
switching regulators, switching converters, motor drivers, relay 
drivers, 
and 
drivers 
for 
high-power 
bipolar 
sWitching 
transistors requiring high speed and low gate-drive power. 
These types can be operated directly from integrated circuits. 


The IRFD types are supplied in the 4-Pin dual-in-line plastic 
package. 
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TOP VIEWO 


SOURCE 


DRAIN 


GATE 


Terminal Diagram 


P-CHANNEL 
ENHANCEMENT 
MODE 


Drain-Source Voltage (1) ......................•......................... 
VDS 
Drain-Gate Voltage (RGS = 20kO) (1) ..............•.•..........•........ 
VDGR 
Continuous Drain Current 
TC = 250C •.......................................•...........•........ 
10 
Pulsed Drain Current (3) .......................•...••.•................... 
IDM 
Gate-Source Voltage 
.....................................•............. 
VGS 
Maximum Power Dissipation ..........•...............•.................... 
Po 
(See Figure 13) 


Unear Derating Factor •........................•......•....................... 


(See Figure 13) 
Single Pulse Avalanche Energy Rating (4) 
Eas 
Operating and Storage Junction ....•••............................... 
TJ, TSTG 
Temperature Range 
Maximum Lead Temperature for Soldering ...................•....•.......... 
TL 
(0.063" (1.6mm) from case for 1Os) 


NOTES: 


1. TJ = +250c 
to +1500C 


2. Pulse Test: 
Pulse width 
~ 300J,ls, Duty Cycle ~ 2% 


3. Repetitive Rating: 
Pulse width limited by max. junction 
temperature. 
See 


Transient 
Thermal 
Impedance 
Curve (Figure 
5) 
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-100 
-60 
V 
-100 
-60 
V 


-1.0 
-0.8 
A 
-8.0 
-6.4 
A 
±20 
±20 
V 
1.0 
1.0 
W 


0.008 
0.008 
WloC 


370 
370 
mJ 
-55to+150 
-55to+150 
°c 


300 
300 
°c 


LIMITS 


CHARACTERISnC 
SYMBOL 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Drain-Source 
Breakdown 
Voltage 
BVDSS 
VGS = OV,ID = -25OIlA 
IRFD9120 
-100 
- 
- 
V 


IRF09123 
-60 
- 
- 
V 


Gate Threshold Voltage 
VGSrTHl 
VOS = VGS, 10 = -250IIA 
-2.0 
- 
-4.0 
V 


Gate-Source 
Leakage Forward 
IGSS 
VGS=-20V 
- 
- 
-500 
nA 


Gate-Source 
Leakage Reverse 
IGSS 
VGS=20V 
- 
- 
500 
nA 


Zero Gate Voltage Drain Current 
lOSS 
VOS = Max Rating, VGS = OV 
- 
- 
-250 
IlA 


VOS = Max Rating x O.S,VGS = OV, 
- 
- 
-1000 
IlA 
TC=+1250C 


On-State 
Drain Current (Note 2) 
10(ON) 
VOS> 
10(ON) x rOS(ON) Max, VGS = -10V 
IRFD9120 
-1.0 
- 
- 
A 


IRF09123 
-O.OS 
- 
- 
A 


Static Drain-Source 
On-State 
rOS(ON) 
VGS - -1 OV,IO - -O.SA 
Resistance (Note 2) 
IRF09120 
- 
0.5 
0.6 
n 


IRF09123 
- 
0.6 
O.S 
n 


Forward Transconductance 
(Note 2) 
9fs 
VOS < 50V, 10 - -O.SA 
O.S 
1.2 
- 
S(ul 


Input Capacitance 
CISS 
VGS - OV,VOS - -25V, f - 1.0MHz 
- 
300 
- 
pF 


Output Capacitance 
COSS 
See Figure 9 
- 
200 
- 
pF 


Reverse Transfer Capacitance 
CRSS 
- 
50 
- 
pF 


Turn-On 
OelayTime 
tdeON} 
VOO -0.5,10 
- 1.0A, RG - 9.1n 
- 
25 
50 
ns 


Rise Time 
tr 
See Figure 16. (MOSFET switching 
times 
- 
50 
100 
ns 


Turn-Off 
Delay Time 
!d(OFF) 
are essentially independent 
of operating 
- 
50 
100 
temperature.) 
ns 


Fall Time 
tf 
- 
50 
100 
ns 


Total Gate Charge 
Og 
VGS - -1 OV,IO - -1.0A, VOS - O.S Max 
- 
16 
20 
nC 
(Gate-Source 
+ Gate-Drain) 
Rating. See Figure 17 for test circuil 


Gate-Source 
Charge 
Oos 
(Gate charge is essentially independent 
of 
- 
9 
- 
nC 


Gate-Drain 
("Miller") 
Charge 
Ood 
operating temperature.) 
- 
7 
- 
nC 


Internal Drain Inductance 
LO 
Measured from the 
Modified MOSFET 
- 
4.0 
- 
nH 
drain lead, 2.0mm 
symbol showing the 
(O.OS")from header 
internal device 
to center of die 
ind uctances. 


Internal Source Inductance 
LS 
Measured from the 


~ 


- 
6.0 
- 
nH 
source lead, 2.0mm 
(O.OS")from header 
to source banding 
pad. 
LS 


5 


Junction-to-Ambient 
RaJA 
Typical socket mount 
- 
- 
120 
°CIW 


Continuous 
Source Current 
IS 
Modified MOSFET 


~ 


- 
- 
-1.0 
A 
(Body Diode) 
symbol showing the 


Pulse Source Current 
ISM 
integral reverse 
- 
- 
-S.O 
A 
(Body Diode) (Note 3) 
P-N junco rectifier. 


Diode Forward Voltage (Note 2) 
VSO 
TC = +250C,IS 
= -1.0A, VGS = OV 
- 
- 
-1.5 
V 


Reverse Recovery Time 
trr 
TJ - +1500C,IF 
- -4.0A, dIF/dt-l00NIIS 
- 
150 
- 
ns 


Reverse Recovered 
Charge 
°RR 
TJ - +1500C,IF 
- -4.0A, dIF/dt-l00NIIS 
- 
0.9 
- 
IIC 
Forward Turn-on 
Time 
tON 
Intrinsic turn-on 
time is negligible. Turn-on 
- 
- 
- 
- 
speed is sUbstantially controlled 
by LS + LO. 


NOTES: 1. TJ=+250Cto+1500C 
2. Pulse Test: Pulse width $. 300~s, 


Duty Cycle ~ 2% 


4. VDD = 25V, Start 
TJ = +250C, 
L = 555mH, 
RG = 250, 
Peak IL = 1.0A (See Figure. 
14 
and 15) 


3. Repetitive 
Rating: 
Pulse width 
limited 
by max. 
junction 
temperature. 
See Transient 
Thermal 
Impedance 
Curve (Figure 
5) 
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Fig. 5 - Typical transconductance 
vs. drain current. 
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(II HARRIS 
IRFD9220 
IRFD9223 
Avalanche 
Energy Rated 


P-Channel 
Power MOSFETs 


Features 


• -O.45A and -O.6V, -150V and -200V 


• rDS(ON) = 1.50 and 2.40 


• Single Pulse Avalanche Energy Rated 


• SOA is Power-Dissipation 
Limited 


• Nanosecond Switching Speeds 


• Linear Transfer Characteristics 


4-PIN DUAL-IN-L1NE 
TOP VIEWO 


SOURCE 


DRAIN 


GATE 


Description 


The IRFD9220 and IRFD9223 are advanced power MOSFETs 
designed, tested, and guaranteedto withstand a specified level 
of energy in the breakdown avalanche mode of operation. 
These are p-channel enhancement-mode silicon-gate power 
field-effect 
transistors designed for applications such as 
switching regulators, switching converters, motor drivers, relay 
drivers, 
and 
drivers 
for 
high-power 
bipolar 
switching 
transistors requiring high speed and low gate-drive power. 
These types can be operated directly from integrated circuits. 


The IRFD types are supplied in the 4-Pin dual-in-Iine plastic 
package. 


Drain-Source Voltage (1) ...............•.....................•••........ 
VDS 
Drain-Gate Voltage (RGS = 20kO) (1) .....................•.............. 
VDGR 
Continuous Drain Current 
TC = 250C •..••..•••...................•............................... 
10 
Pulsed Drain Current (3) .................................•.........•...... 
IDM 
Gate-Source Voltage 
....••..•..••...................................... 
VGS 
Maximum Power Dissipation .......•.................•......•.............. 
PD 
(See Figure 13) 
Unear Derating Factor ................................•........•.............. 


(See Figure 13) 
Single Pulse Avalanche Energy Rating (4) ...........................•....... 
Eas 
Operating and Storage Junction ......•............................... 
TJ, TSTG 
Temperature Range 
Maximum Lead Temperature for Soldering 
TL 
(0.063" (1.6mm) from case for 10s) 


IRFD9220 
IRFD9223 
UNITS 


-200 
-150 
V 
-200 
-150 
V 


-0.6 
-0.45 
A 
-4.8 
-3.6 
A 
±20 
±20 
V 
1.0 
1.0 
W 


0.008 
0.008 
WloC 


290 
290 
mJ 
-55to+150 
-55to+150 
°C 


300 
300 
°C 


NOTES: 


1. TJ = +250C 
to +1500C 


2. Pulse Test: Pulse width ~ 300~s. Duty Cycle ~ 2% 


3. Repetitive 
Rating: 
Pulse width 
limited 
by max. junction 
temperature. 
See 


Transient 
Thermal 
Impedance 
Curve (Figure 
5) 
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CHARACTERISTIC 
SYMBOL 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Drain-Source 
Breakdown 
Voltage 
BVOSS 
VGS = OV, 10 = -2501JA 
IRFD9220 
-200 
- 
- 
V 


IRFD9223 
-150 
- 
- 
V 


Gate Threshold Voltage 
VGSITHl 
VOS - VGS, 10 - -2501JA 
-2.0 
- 
-4.0 
V 


Gate-Source 
Leakage Forward 
IGSS 
VGS--20V 
- 
- 
-500 
nA 


Gate-Source 
Leakage Reverse 
IGSS 
VGS= 
20V 
- 
- 
500 
nA 


Zero Gate Voltage Drain Current 
lOSS 
VOS = Max Rating, VGS - OV 
- 
- 
-250 
IJA 


VOS = Max Rating x 0.8, VGS = OV, 
- 
- 
-1000 
IJA 
TC=+1250C 


On-State 
Drain Current (Note 2) 
10(ON) 
VOS> 
10(ON) x rOS(ON) Max, VGS = -1 OV 
IRFD9220 
-0.6 
- 
- 
A 


IRF09223 
-0.45 
- 
- 
A 


Static Drain-Source 
On-State 
rOS(ON) 
VGS = -10V, 10 = -0.3A 
Resistance (Note 2) 
IRF09220 
- 
1.0 
1.5 
n 


IRF09223 
- 
1.5 
2.4 
n 


Forward Transconductance 
(Note 2) 
9fs 
VOS < 50V, 10 = -0.3A 
0.6 
1.0 
- 
Sm) 


Input Capacitance 
CISS 
VGS = OV,VOS - -25V, f - 1.0MHz 
- 
350 
- 
pF 


Output Capacitance 
COSS 
See Figure 9 
- 
100 
- 
pF 


Reverse Transfer Capacitance 
CRSS 
- 
30 
- 
pF 


Turn-On 
OelayTime 
!dlONl 
VOO -0.5, 
10 - 0.6A, RG - 9.1n 
- 
15 
40 
ns 


Rise Time 
tr 
See Figure 16. (MOSFET switching 
times 
- 
25 
50 
ns 


Turn-Off 
Delay Time 
!dIOFFl 
are essentially independent 
of operating 
- 
80 
120 
ns 
temperature.) 
Fall Time 
tf 
- 
50 
75 
ns 


Total Gate Charge 
Og 
VGS = -1 OV,lo = -0.6A, VOS = 0.8 Max 
- 
16 
22 
nC 
(Gate-Source 
+ Gate-Drain) 
Rating. See Figure 17 for test circuit 


Gate-Source 
Charge 
Oas 
(Gate charge is essentially independent 
of 
- 
10 
- 
nC 


Gate-Drain 
("Miller") 
Charge 
°ad 
operating temperature.) 
- 
4 
- 
nC 


Internal Drain Inductance 
Lo 
Measured from the 
Modified MOSFET 
- 
4.0 
- 
nH 
drain lead, 2.0mm 
symbol showing the 
(0.08") from header 
internal device 
to center of die 
inductances. 


Internal Source Inductance 
LS 
Measured from the 


~ 


- 
6.0 
- 
nH 
source lead, 2.0mm 
(0.08") from header 
to source bonding 
pad. 
LS 


S 


Junction-ta-Ambient 
RaJA 
Typical socket mount 
- 
- 
120 
°CIW 


Continuous 
Source Current 
IS 
Modified MOSFET 


~ 


- 
- 
-0.6 
A 
(Body Diode) 
symbol showing the 


Pulse Source Current 
ISM 
integral reverse 
- 
- 
-4.8 
A 
(Body Diode) (Note 3) 
P-N junco rectifier. 


Diode Forward Voltage (Note 2) 
VSO 
TC = +250C,IS 
= -0.6A, VGS = OV 
- 
- 
-1.5 
V 


Reverse Recovery Time 
trr 
TJ - +1500C,IF 
- -0.6A,dIF/dt 
= 100N~s 
- 
150 
- 
ns 


Reverse Recovered Charge 
°RR 
TJ - +1500C, 
IF - -0.6A, dlF/dt = 1OON~s 
- 
0.5 
- 
~C 
Forward Turn-on 
Time 
tON 
Intrinsic turn-on 
time is negligible. Turn-on 
- 
- 
- 
- 
speed is substantially 
controlled 
by LS + Lo. 


NOTES: 1. TJ = +250c to +1500C 
2. PulseTest: Pulse width < 300~s, 
Duty Cycle ~ 2% 


3. Repetitive Rating: 
Pulse width limited by max. 


junction 
temperature. 
See Transient 
Thermal 
Impedance 
Curve (Figure 5) 


4. VDD = 25V, Start TJ = +250C, L = 1210mH, 


RG = 250, Peak IL = O.6A(See Figures 14 
and 15) 
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Fig. 1 - Typical output characteristics_ 
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Fig. 7 - Breakdown 
voltage vs. temperature. 
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Fig. 11 - Typical on-resistance 
vs. drain current. 
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m HARRIS 
IRFF9120,IRFF9121 
IRFF9122,IRFF9123 


Avalanche 
Energy Rated 


P-Channel 
Power MOSFETs 


• -3.SA and -4A, -60V and -100V 


• rDS(ON) = O.60n and O.BOn 


• Single Pulse Avalanche Energy Rated 


• SOA is Power-Dissipation 
Limited 


• Nanosecond Switching 
Speeds 


• Linear Transfer Characteristics 
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BonOMVIEW 
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0 
GATE 


o 
0 
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Description 


The IRFF9120, IRFF9121, IRFF9122 and IRFF9123 are 
advanced power MOSFETs designed, tested, and guaranteed 
to withstand a specified level of energy in the breakdown 
avalanche 
mode 
of 
operation. 
These 
are 
p-channel 
enhancement-mode silicon-gate power field-effect transistors 
designed 
for 
applications 
such 
as SWitching regulators, 


switching converters, motor drivers, relay drivers, and drivers 
for high-power 
bipolar switching transistors requiring high 
speed and low gate-d rive power. Thesetypes can be operated 
directly from integrated circuits. 


The IRFF types are supplied in the JEDEC TO-205AF (Low 
Profile TO-39) metal package. 


Terminal Diagram 


P-CHANNEL 
ENHANCEMENT 
MODE 


IRFF9120 
IRFF9121 
IRFF9122 
IRFF9123 


Drain-Source Voltage (1) .........••.•............... 
VOS 
-100 
-60 
-100 
-60 


Drain-Gate Voltage (RGS = 20kO) (1) ................ 
VOGR 
-100 
-60 
-100 
-60 
Continuous Drain Current 
Te = 25°C ................•.•...................... 
10 
-4 
-4 
-3.5 
-3.5 


Pulsed Drain Current (3) ...................••....•.••• 
10M 
-16 
-16 
-14 
-14 


Gate-Source Vonage •...••......................... 
VGS 
±20 
±20 
±20 
±20 


Maximum Power Dissipation .............•.•........... 
Po 
20 
20 
20 
20 
(See Figure 14) 
Unear Derating Factor ......•••....•.•................... 
0.16 
0.16 
0.16 
0.16 


(See Figure 14) 
Single Pulse Avalanche Energy Rating (4) ............... 
Eas 
370 
370 
370 
370 
Operating and Storage Junction ......•........•.• 
TJ, TSTG 
-55to+150 
-55to+150 
-55 to +150 
-55 to +150 
Temperature Range 
Maximum Lead Temperature lor Soldering .........•••... 
TL 
300 
300 
300 
300 


(0.063" (l.6mm) Irom case lor 10s) 


NOTES: 


1. TJ = +250C 
to +1500C 


2. Pulse Test: Pulse width :5 300~s. Duty Cycle :5 2% 


3. Repetitive Rating: 
Pulse width limited by max. junction temperature. 
See 


Transient Thermal 
Impedance 
Curve (Figure 5) 


UNITS 


V 
V 


UMITS 


CHARACTERISTIC 
SYMBOL 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Orain-Source 
Breakdown 
Voltage 
BVOSS 
VGS = OV,IO = -2501JA 
IRFF9120,IRFF9122 
-100 
- 
- 
V 


IRFF9121,IRFF9123 
-60 
- 
- 
V 


Gate Threshold Voltage 
VGSITHI 
VOS = VGS, 10 = -2501JA 
-2.0 
- 
-4.0 
V 


Gate-Source 
Leakage Forward 
IGSS 
VGS=-20V 
- 
- 
-100 
nA 


Gate-Source 
Leakage Reverse 
IGSS 
VGS=20V 
- 
- 
100 
nA 


Zero Gate Voltage Orain Current 
lOSS 
VOS - Max Rating, VGS - OV 
- 
- 
-250 
IJA 


VOS - Max Rating x 0.8, VGS - OV, 
- 
- 
-1000 
IJA 
TC = +1250C 


On-State 
Orain Current (Note 2) 
10(ON) 
VOS> 
10(ON) x rOS(ON) Max, VGS = -1 OV 
IRFF9120,IRFF9121 
-4 
- 
- 
A 


IRFF9122,IRFF9123 
-3.5 
- 
- 
A 


Static Orain-Source 
On-State 
rOS(ON) 
VGS - -10V,10 
- -2A 
Resistance (Note 2) 
IRFF9120,IRFF9121 
- 
0.5 
0.6 
n 


IRFF9122,IRFF9123 
- 
0.6 
0.8 
n 


Forward Transconductance 
(Note 2) 
gts 
VOS> 
10CON)x rOS(ON) Max, 10 - -2A 
1.25 
2 
- 
Sm) 
Input Capacitance 
CISS 
VGS = OV,VOS = -25V, f = 1.0MHz 
- 
300 
- 
pF 


Output Capacitance 
COSS 
See Figure 10 
- 
200 
- 
pF 


Reverse Transfer Capacitance 
CRSS 
- 
50 
- 
pF 


Turn-On 
OelayTime 
td(ONI 
VOO =0.5 BVOSS, 10 = -4A, RG = 9.1n 
- 
25 
50 
ns 
Rise Time 
tr 
See Figure 17. (MOSFET switching times 
- 
50 
100 
ns 


Turn-Off 
Oelay Time 
!ctIOFFI 
are essentially independent 
of operating 
- 
50 
100 
temperature.) 
ns 


Fall Time 
tf 
- 
50 
100 
ns 


Total Gate Charge 
Og 
VGS - -10V,10 
- -4A, VOS - 0.8 Max 
- 
16 
22 
nC 
(Gate-Source 
+ Gate-Orain) 
Rating. See Figure 18 for test circuit 


Gate-Source 
Charge 
OQS 
(Gate charge is essentially independent 
of 
- 
9 
- 
nC 


Gate-Orain 
("Miller") 
Charge 
°Qd 
operating temperature.) 
- 
7 
- 
nC 


Internal Orain Inductance 
LO 
Measured from the 
Modified MOSFET 
- 
5.0 
- 
nH 
drain lead, 5mm 
symbol showing the 
(0.2") from header 
internal device 
to center of die. 
inductances. 


Internal Source Inductance 
LS 
Measured from the 


~ 


- 
15 
- 
nH 
source lead, 5mm 
(0.2") from header to 
source bonding pad. 


LS 


S 


Junction-to-Case 
RSJC 
- 
- 
6.25 
ocm 


Junction-to-Ambient 
RSJA 
Typical socket mount 
- 
- 
175 
ocm 


Continuous 
Source Current 
IS 
Modified MOSFET 


~ 


- 
- 
-4 
A 
(Body Oiode) 
symbol showing the 


Pulse Source Current 
ISM 
integral reverse 
- 
- 
-16 
A 
(Body Oiode) (Note 3) 
P-N junco rectifier. 


Oiode Forward Voltage (Note 2) 
VSO 
TC = +250C,IS 
= -4A, VGS = OV 
- 
- 
-1.5 
V 
Reverse Recovery Time 
trr 
TJ = +1500C,IF 
= 4A, dIF/dt= 
l00A/~s 
- 
230 
- 
ns 
Reverse Recovered 
Charge 
°RR 
TJ - +1500C,IF 
= -4A, dlF/dt = 1OOA/~s 
- 
1.3 
- 
~C 
Forward Turn-on 
Time 
tON 
Intrinsic turn-on 
time is negligible. Turn-on 
- 
- 
- 
- 
speed is substantially 
controlled 
by LS + LO. 


NOTES: 
1. TJ = +250C 
to +1500C 
2. Pulse Test: Pulse width 5 300~s, 
Duty Cycle 5 2% 


4. VDD = 25V, Start TJ = +250C, 
L = 34.7mH, 


RG = 250, 
Peak IL = 4A (See Figures 15 
and 16) 


3. Repetitive Rating: 
Pulse width limited by max. 


junction 
temperature. 
See Transient 
Thermal 
Impedance 
Curve (Figure 5) 
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IRFF9130,IRFF9131 
IRFF9132,IRFF9133 
Avalanche 
Energy 
Rated 


P-Channel 
Power MOSFETs 


Features 


• -5.5A 
and 
-6.5A, 
-60V 
and 
-100V 


• rDS(ON) 
= 0.300 
and 
0.400 


• Single 
Pulse 
Avalanche 
Energy 
Rated 


• SOA 
is Power-Dissipation 
Limited 


• Nanosecond 
Switching 
Speeds 


• Linear 
Transfer 
Characteristics 


TO-205AF 
BonOMVIEW 


SOUTIRCE, 
,"ATE 


DRAIN 
(CASE) 


Description 


The 
IRFF9130, 
IRFF9131, 
IRFF9132 
and 
IRFF9133 
are 
advanced 
power 
MOSFETs 
designed, 
tested, 
and guaranteed 
to 
withstand 
a specified 
level 
of 
energy 
in the 
breakdown 
avalanche 
mode 
of 
operation. 
These 
are 
p-channel 
enhancement-mode 
silicon-gate 
power 
field-effect 
transistors 
designed 
for 
applications 
such 
as 
switching 
regulators, 
switching 
converters, 
motor 
drivers, 
relay drivers, 
and drivers 
for 
high-power 
bipolar 
switching 
transistors 
requiring 
high 
speed 
and low gate-drive 
power. These types 
can be operated 
directly 
from 
integrated 
circuits. 


Terminal 
Diagram 


P-CHANNEL 
ENHANCEMENT 
MODE 


The 
IRFF types 
are supplied 
in the JEDEC 
TO-205AF 
(Low 
Profile 
TO-39) 
metal 
package. 


IRFF9130 
IRFF9131 
IRFF9132 
IRFF9133 


Drain-Source Voltage (1) .............••.•.......•... 
VDS 
-100 
-60 
-100 
-60 
Drain-Gate Voltage (RGS = 20kfl) 
(1) ..............•. 
VDGR 
-100 
-60 
-100 
-60 
Continuous Drain Current 
TC = 250C .........••.....•........................ 
10 
-6.5 
-6.5 
-5.5 
-5.5 
Pulsed Drain Current (3) ......••....•••............... 
10M 
-26 
-26 
-22 
-22 
Gate-Source Voltage 
.............•••......•........ 
VGS 
±20 
±20 
±20 
±20 
Maximum Power Dissipation ........•.......•.......... 
Po 
25 
25 
25 
25 
(See Figure 14) 
Linear Derating Factor •....................••...........• 
0.2 
0.2 
0.2 
0.2 
(See Figure 14) 
Single Pulse Avalanche Energy Rating (4) ............... 
Eas 
500 
500 
500 
500 
Operating and Storage Junction ...•.............. 
TJ, TSTG 
-55to+150 
-55to+150 
-55to+150 
-55 to +150 
Temperature Range 
Maximum Lead Temperature for Soldering ....••......... 
TL 
300 
300 
300 
300 
(0.063"(1.6mm) from case for 10s) 


NOTES: 


1. TJ = +250C 
to +1500C 


2. Pulse Test: 
Pulse width ~ 300~s. Duty Cycle :-:.2% 


3. Repetitive 
Rating: 
Pulse width limited by max. junction 
temperature. 
See 
Transient 
Thermal 
Impedance 
Curve (Figure 
5) 
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CHARACTERISTIC 
SYMBOL 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Drain-Source 
Breakdown Voltage 
BVOSS 
VGS = OV,IO = -250~A 
IRFF9130,IRFF9132 
-100 
- 
- 
V 


IRFF9131,IRFF9133 
-60 
- 
- 
V 


Gate Threshold Voltage 
VGSfTH) 
VOS = VGS, 10 = -250~A 
-2.0 
- 
-4.0 
V 


Gate-Source Leakage Forward 
IGSS 
VGS=-20V 
- 
- 
-100 
nA 


Gate-Source Leakage Reverse 
IGSS 
VGS=20V 
- 
- 
100 
nA 


Zero Gate Voltage Orain Current 
lOSS 
VOS = Max Rating, VGS = OV 
- 
- 
-250 
~A 


VOS = Max Rating x 0.8, VGS = OV, 
- 
- 
-1000 
~A 
TC=+1250C 
On-State Orain Current(Note 
2) 
10(ON) 
VOS> 10(ON) x rOS(ON) Max, VGS = -10V 
IRFF9130,IRFF9131 
-6.5 
- 
- 
A 


IRFF9132,IRFF9133 
-5.5 
- 
- 
A 


Static Orain-Source On-State 
rOS(ON) 
VGS - -1 OV,10 - -3A 
Resistance (Note 2) 
IRFF9130,IRFF9131 
- 
0.25 
0.3 
n 


IRFF9132,IRFF9133 
- 
0.3 
0.4 
n 


Forward Transconductance 
(Note 2) 
gts 
VOS> 1010N) x rOS(ON) Max, 10 - -3A 
2.5 
3.5 
S(U) 


Input Capacitance 
CISS 
VGS = OV,VOS = -25V, f = 1.0MHz 
- 
500 
- 
pF 


Output Capacitance 
COSS 
See Figure 10 
- 
300 
- 
pF 


Reverse Transfer Capacitance 
CRSS 
- 
100 
- 
pF 


Turn-On OelayTime 
tdlON) 
VOO -0.5 BVOSS, 10- -6.5A, RG - 9.1n 
- 
30 
60 
ns 
Rise Time 
tr 
See Figure 17. (MOSFET switching times 
- 
70 
140 
ns 
Turn-Off Oelay Time 
'dIOFFl 
are essentially independent of operating 
- 
70 
140 
ns 
temperature.) 
Fall Time 
tf 
- 
70 
140 
ns 


Total Gate Charge 
Og 
VGS = -1 OV,IO = -6.5A, VOS = 0.8 Max 
- 
25 
45 
nC 
(Gate-Source + Gate-Orain) 
Rating. See Figure 18 for test circuit 


Gate-Source Charge 
Oas 
(Gate charge is essentially independent of 
- 
13 
- 
nC 


Gate-Orain ("Miller") Charge 
Oad 
operating temperature.) 
- 
12 
- 
nC 
Internal Orain Inductance 
LO 
Measured from the 
Modified MOSFET 
- 
5.0 
- 
nH 
drain lead, 5mm 
symbol shoWing the 
(0.2") from header 
internal device 
to center of die. 
inductances. 
Internal Source Inductance 
LS 
Measured from the 


~ 


- 
15 
- 
nH 
source lead, 5mm 
(0.2") from header to 
source bonding pad. 


LS 


S 


Junction-ta-Case 
R9JC 
- 
- 
5.0 
°CIW 
Junction-ta-Ambient 
RaJA 
Typical socket mount 
- 
- 
175 
°CIW 


Continuous Source Current 
IS 
Modified MOSFET 


~ 


- 
- 
-6.5 
A 
(Body Oiode) 
symbol showing the 
Pulse Source Current 
ISM 
integral reverse 
- 
- 
-26 
A 
(Body Oiode) (Note 3) 
P-N juncorectifier. 


Oiode Forward Voltage (Note 2) 
V!,;O 
Tr. = +25OC, I!'; = -6.5A, Vr,~ = OV 
- 
- 
-1.5 
V 
Reverse Recovery Time 
trr 
T.I- 
+1500C,IF 
--6.5A,dIF/dt-100A/~s 
- 
300 
- 
ns 
Reverse Recovered Charge 
°RR 
TJ = +1500C,IF 
= -6.5A, dlF/dt = 1OON~s 
- 
1.8 
- 
~C 
Forward Turn-on Time 
tON 
Intrinsic turn-on time is negligible. Turn-on 
- 
- 
- 
- 
speed is substantially controlled by LS + LO. 


NOTES: 
1. TJ = +250C 
to +1500C 
2. Pulse Test: 
Pulse width < 300~s. 
Duty Cycle .s 2% 


3. Repetitive Rating: 
Pulse width limited by max. 


junction 
temperature. 
See Transient 
Thermal 
Impedance 
Curve IFigure 5) 


4. VDD = 25V, Start TJ = +250C. 
L = 17.75mH. 


Ra = 250, 
Peak IL = 6.5A (See Figures 15 
and 16) 
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Features 


• -2A 
and 
-2.5A, 
-150V 
and 
-200V 


• rDS(ON) 
= 1.500 
and 
2.400 


• Single 
Pulse 
Avalanche 
Energy 
Rated 


• SOA 
is Power-Dissipation 
Limited 


• Nanosecond 
Switching 
Speeds 


• Linear 
Transfer 
Characteristics 


• High 
Input 
Impedance 
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Description 


The 
IRFF9220, 
IRFF9221, 
IRFF9222 
and 
IRFF9223 
are 
advanced 
power 
MOSFETs 
designed, 
tested, 
and guaranteed 
to 
withstand 
a specified 
level 
of 
energy 
in the 
breakdown 
avalanche 
mode 
of 
operation. 
These 
are 
p-channel 
enhancement-mode 
silicon-gate 
power 
field-effect 
transistors 
designed 
for 
applications 
such 
as 
switching 
regulators, 
switching 
converters, 
motor 
drivers, 
relay drivers, 
and drivers 
for 
high-power 
bipolar 
switching 
transistors 
requiring 
high 
speed 
and low gate-drive 
power. 
These types 
can be operated 
directly 
from 
integrated 
circuits. 


The 
IRFF types 
are supplied 
in the JEDEC 
TO-205AF 
(Low 
Profile 
TO-39) 
metal 
package. 


Terminal Diagram 


P-CHANNEL 
ENHANCEMENT 
MODE 


IRFF9220 
IRFF9221 
IRFF9222 
IRFF9223 


Drain-Source Voltage (1) ............................ 
VOS 
-200 
-150 
-200 
-150 
Drain-Gate Voltage (RGS = 20kO) (1) ................ 
VOGR 
-200 
-150 
-200 
-150 
Continuous Drain Current 
TC = 250C ......................................... 
10 
-2.5 
-2.5 
-2.0 
-2.0 
Pulsed Drain Current (3) .............................. 
10 M 
-10 
-10 
-8 
-8 
Gate-Source Voijage 
.......................•....... 
VGS 
±20 
±20 
±20 
±20 
Maximum Power Dissipation ........................... 
Po 
20 
20 
20 
20 
(See Figure 14) 
Unear Derating Factor ................................... 
0.16 
0.16 
0.16 
0.16 
(See Figure 14) 
Single Pulse Avalanche Energy Rating (4) ............... 
Eas 
290 
290 
290 
290 
Operating and Storage Junction .................. 
TJ, TSTG 
-55to+150 
-55to 
+150 
-55 to +150 
-55to+150 
Temperature Range 
Maximum Lead Temperature for Soldering ............... 
TL 
300 
300 
300 
300 
(0.063" (1.6mm) from case for 10s) 


NOTES: 


1. TJ = +2SoC to +1S00C 


2. Pulse Test: Pulse width :::;300~s. Duty Cycle:::; 2% 


3. Repetitive Rating: 
Pulse width limited by max. junction temperature. 
See 
Transient Thermal 
Impedance 
Curve (Figure 5) 


UNITS 


V 
V 


UMITS 


CHARACTERISTIC 
SYMBOL 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Orain-Source 
Breakdown Voltage 
BVOSS 
VGS = OV,10= -250flA 
IRFF9220,IRFF9222 
-200 
- 
- 
V 


IRFF9221,IRFF9223 
-150 
- 
- 
V 


Gate Threshold Voltage 
VGSITHI 
VOS = VGS, 10= -25OIlA 
-2.0 
- 
-4.0 
V 


Gate-Source Leakage Forward 
IGSS 
VGS=-20V 
- 
- 
-100 
nA 


Gate-Source Leakage Reverse 
IGSS 
VGS-20V 
- 
- 
100 
nA 


Zero Gate Voltage Orain Current 
lOSS 
VOS = Max Rating, VGS - OV 
- 
- 
-250 
flA 


VOS = Max Rating x 0.8, VGS - OV, 
- 
- 
-1000 
IlA 
TC=+1250C 


On-State Orain Current (Note 2) 
10(ON) 
VOS> 10(ON} x rOS(ON) Max, VGS = -10V 
IRFF9220,IRFF9221 
-2.5 
- 
- 
A 


IRFF9222,IRFF9223 
-2.0 
- 
- 
A 


Static Orain-Source On-State 
rOS(ON) 
VGS = -10V,10 = 1.5A 
Resistance (Note 2) 
IRFF9220,IRFF9221 
- 
1.0 
1.5 
n 


IRFF9222,IRFF9223 
- 
1.5 
2.4 
n 


Forward Transconductance 
(Note 2) 
gts 
VOS> IOION\ x rOSION' Max, 10 = 1.5A 
1 
1.8 
- 
S(ts) 


Input Capacitance 
CISS 
VGS = OV,VOS = -25V, f = 1.0MHz 
- 
350 
- 
pF 


Output Capacitance 
COSS 
See Figure 10 
- 
100 
- 
pF 


Reverse Transfer Capacitance 
CRSS 
- 
30 
- 
pF 


Turn-On OelayTime 
tdiON\ 
VOO =0.5 BVoss,1o 
- -2.5A, RG - 9.1n 
- 
15 
40 
ns 


Rise Time 
tr 
See Figure 17. (MOSFET switching times 
- 
25 
50 
ns 


Turn-Off Oelay Time 
'dIOFF\ 
are essentially independent of operating 
- 
80 
120 
temperature.) 
ns 


Fall Time 
tf 
- 
50 
75 
ns 


Total Gate Charge 
Og 
VGS = -10V,IO = -2.5VOS = 0.8 Max 
- 
16 
22 
nC 
(Gate-Source + Gate-Orain) 
Rating. See Figure 18 for test circuit 


Gate-Source Charge 
Oas 
(Gate charge is essentially independent of 
- 
9 
- 
nC 


Gate-Orain ("Miller") Charge 
Ood 
operating temperature.) 
- 
7 
- 
nC 


Internal Orain Inductance 
LO 
Measured from the 
Modified MOSFET 
- 
5.0 
- 
nH 
drain lead, 5mm 
symbol showing the 
(0.2") from header 
internal device 
to center of die. 
inductances. 


Internal Source Inductance 
LS 
Measured from the 


~ 


- 
15 
- 
nH 
source lead, 5mm 
(0.2") from header to 
source bonding pad. 


LS 


S 


Junction-ta-Case 
RA.Ir. 
- 
- 
6.25 
°CIW 
Junction-ta-Ambient 
RaJA 
Typical socket mount 
- 
- 
175 
°CIW 


Continuous Source Current 
IS 
Modified MOSFET 


~ 


- 
- 
-2.5 
A 
(Body Oiode) 
symbol showing the 


Pulse Source Current 
ISM 
integral reverse 
- 
- 
-10 
A 
(Body Oiode) (Note 3) 
P-N junco rectifier. 


Oiode Forward Voltage (Note 2) 
VSO 
Tr. = +250C, IS = -2.5A, Vr:.<>.= OV 
- 
- 
-1.5 
V 


Reverse Recovery Time 
trr 
1.1= +1500C,IF 
=-2.5A, 
dIF/dt= 
100NIlS 
- 
300 
- 
ns 
Reverse Recovered Charge 
°RR 
TJ = +1500C,IF 
= -2.5A, dlF/dt = 100NIlS 
- 
1.9 
- 
IlC 
Forward Turn-on Time 
tON 
Intrinsic turn-on time is negligible. Turn-on 
- 
- 
- 
- 
speed is substantially controlled by LS + Lo. 


NOTES: 
1. TJ = +250C to +1500C 
2. Pulse Test: 
Pulse width < 300fJs. 
Duty Cycle 52% 


4. VDD = 50V, Start TJ - 
+250C. 
L = 69.6mH, 


Ra = 250, 
Peak IL = 2.5A (See Figures 15 
and 16) 


3. Repetitive Rating: 
Pulse width limited by max. 
junction 
temperature. 
See Transient 
Thermal 
Impedance 
Curve (Figure 5) 
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Features 


• -3.5A and -4.0A. -150V and -200V 


• rDS(ON) = O.SO and 1.200 


• Single Pulse Avalanche Energy Rated 


• SOA is Power-Dissipation 
Limited 


• Nanosecond Switching Speeds 


• Linear Transfer Characteristics 
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Description 


The IRFF9230, IRFF9231, IRFF9232 and 
IRFF9233 are 


advanced power MOSFETsdesigned, tested, and guaranteed 
to withstand a specified level of energy in the breakdown 
avalanche 
mode 
of 
operation. 
These 
are 
p-channel 


enhancement-mode silicon-gate power field-effect transistors 
designed for 
applications 
such as sWitching regulators, 
switching converters, motor drivers, relay drivers, and drivers 
for high-power bipolar switching transistors requiring high 
speed and low gate-drive power. Thesetypes can be operated 
directly from integrated circuits. 


The IRFF types are supplied in the JEDEC TO-205AF (Low 
Profile TO-39) metal package. 


Terminal Diagram 


P-CHANNEL 
ENHANCEMENT 
MODE 


IRFF9230 
IRFF9231 
IRFF9232 
IRFF9233 


Drain-Source Voltage (1) ....••........•.........••.. 
VDS 
-200 
-150 
-200 
-150 
Drain-Gate Voltage (RGS = 20kO) (1) .............•.. 
VDGR 
-200 
-150 
-200 
-150 
Continuous Drain Current 
TC = 250C .............................•........... 
10 
-4.0 
-4.0 
-3.5 
-3.5 


Pulsed Drain Current (3) .............................. 
10M 
-16 
-16 
-14 
-14 
Gate-Source Voltage ........................•...... 
VGS 
±20 
±20 
±20 
±20 


Maximum Power Dissipation ..••....................... 
Po 
25 
25 
25 
25 


(See Figure 14) 
Linear Derating Factor ..............•...•..••..•••....... 
0.2 
0.2 
0.2 
0.2 
(See Figure 14) 


Single Pulse Avalanche Energy Rating (4)............... 
Eas 
500 
SOO 
500 
500 
Operating and Storage Junction .................. 
TJ, TSTG 
-55to+150 
-55 to +lSO 
-55to+150 
-55to+150 


Temperature Range 
Maximum Lead Temperature lor Soldering .........•..... 
TL 
300 
300 
300 
300 
(0.063" (1.6mm) Irom case lor 10s) 


NOTES: 


1. TJ = +2SoC to +1s00c 


2. Pulse Test: 
Pulse width ~ 300~s, Duty Cycle ~ 2% 


3. Repetitive 
Rating: 
Pulse width 
limited 
by max. junction 
temperature. 
See 
Transient Thermal Impedance 
Curve (Figure 5) 
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LIMITS 


CHARACTERISTIC 
SYMBOL 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Drain-Source 
Breakdown Vollage 
BVOSS 
VGS = OV,IO = -25011A 
IRFF9230,IRFF9232 
-200 
- 
- 
V 


IRFF9231,IRFF9233 
-150 
- 
- 
V 


Gate Threshold Vollage 
VGSrrHl 
VOS - VGS, 10 - -25011A 
-2.0 
- 
-4.0 
V 


Gate-Source Leakage Forward 
IGSS 
VGS--20V 
- 
- 
-100 
nA 


Gate-Source Leakage Reverse 
IGSS 
VGS= 20V 
- 
- 
100 
nA 


Zero Gate Voltage Drain Current 
lOSS 
VOS = Max Rating, VGS = OV 
- 
- 
-250 
IlA 


VOS = Max Rating x 0.8, VGS = OV, 
- 
- 
-1000 
IlA 
TC=+1250C 


On-State Orain Current (Note 2) 
10{ON) 
VOS> 10{ON) x rOS{ON) Max, VGS = -1 OV 
IRFF9230,IRFF9231 
-4.0 
- 
- 
A 


IRFF9232,IRFF9233 
-3.5 
- 
- 
A 


Static Orain-Source On-State 
rOS{ON) 
VGS - -1 OV,IO - -2.0A 
Resistance (Note 2) 
IRFF9230,IRFF9231 
- 
0.5 
0.8 
n 


IRFF9232,IRFF9233 
- 
0.8 
1.2 
n 


Forward Transconductance 
(Note 2) 
gts 
VOS> 1010NI x rOSIONl Max, 10 - -2.0A 
2.2 
3.5 
- 
Sm) 
Input Capacitance 
CISS 
VGS - OV,VOS - -25V, f - 1.0MHz 
- 
550 
- 
pF 


Output Capacitance 
COSS 
See Figure 10 
- 
170 
- 
pF 


Reverse Transfer Capacitance 
CRSS 
- 
50 
- 
pF 


Turn-On OelayTime 
tdlONl 
VOO -0.5 
BVOSS, 10- -4.0A, RG - 9.1n 
- 
30 
50 
ns 


RiseTime 
tr 
See Figure 17. (MOSFET switching times 
- 
50 
100 
ns 


Turn-Off Delay Time 
!dIOFFI 
are essentially independent of operating 
- 
50 
100 
temperature.) 
ns 


Fall Time 
tf 
- 
40 
80 
ns 


Total Gate Charge 
Qg 
VGS = -1 OV,10 = -4.0VOS = 0.8 Max 
- 
31 
45 
nC 
(Gate-Source + Gate-Orain) 
Rating. See Figure 18 for test circuit 


Gate-Source Charge 
Qos 
(Gate charge is essentially independent of 
- 
18 
- 
nC 


Gate-Orain ("Miller") Charge 
Qod 
operating temperature.) 
- 
13 
- 
nC 
Internal Orain Inductance 
LO 
Measured from the 
Modified MOSFET 
- 
5.0 
- 
nH 
drain lead, 5mm 
symbol showing the 


(O.2") from header 
internal device 
to center of die. 
inductances. 


Internal Source Inductance 
LS 
Measured from the 


~ 


- 
15 
- 
nH 
source lead, 5mm 
(O.2") from header to 
source bonding pad. 


LS 


S 


Junction-to-Case 
RA.Jr. 
- 
- 
5.0 
°C/W 
Junction-to-Ambient 
RaJA 
Typical socket mount 
- 
- 
175 
°C/W 


Continuous Source Current 
IS 
Modified MOSFET 


~ 


- 
- 
-4.0 
A 
(Body Oiode) 
symbol showing the 


Pulse Source Current 
ISM 
integral reverse 
- 
- 
-16 
A 
(Body Oiode) (Note 3) 
P-N juncorectifier. 


Oiode Forward Voltage (Note 2) 
VSO 
TC = +250C, IS = -4.0A, VGS = OV 
- 
- 
-1.5 
V 
Reverse Recovery Time 
trr 
TJ = +1500C, IF =-4.0A, 
dlF/dt = 100NMS 
- 
400 
- 
ns 
Reverse Recovered Charge 
QRR 
TJ - +1500C, IF = -4.0A, dlF/dt= 
100A/MS 
- 
2.6 
- 
MC 
Forward Turn-on Time 
tON 
Intrinsic turn-on time is negligible. Turn-on 
- 
- 
- 
- 
speed is substantially controlled by LS + LO. 


NOTES: 
1. TJ = +250C 
to +1500C 
2. Pulse Test: 
Pulse width < 300J.ls. 
Duty Cycle {2'10 


3. RepeHtive Rating: 
Pulse width limited by max. 


junction 
temperature. 
See Transient 
Thermal 
Impedance 
Curve (Figure 5) 


4. VDD = 50V. Start TJ = +250C, 
L = 46.9mH, 


RG = 250, 
Peak IL = 4.0A (See Figures 15 
and 16) 
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IRFP9140/P9141 
IRFP9142/P9143 


Avalanche Energy Rated 


P-Channel Power MOSFETs 


I) HARRIS 


• -19A 
and 
-16A, 
-60V 
and 
-100V 


• rDS(ON) 
= 0.200 
and 
0.300 


• Single 
Pulse 
Avalanche 
Energy 
Rated 


• SOA 
is Power-Dissipation 
Limited 


• Nanosecond 
Switching 
Speeds 


• Linear 
Transfer 
Characteristics 


TO-247 
TOP VIEW 
DR1~ 


(TAB) o 


Description 


The 
IRFP9140, 
IRFP9141, 
IRFP9142 
and 
IRFP9143 
are 
ad- 


vanced 
power 
MOSFETs 
designed, 
tested, 
and 
guaranteed 
to 
withstand 
a 
specified 
level 
of 
energy 
in 
the 
breakdown 
avalanche 
mode 
of 
operation. 
These 
are 
p-channel 


enhancement-mode 
silicon-gate 
power 
field-effect 
transistors 
designed 
for 
applications 
such 
as 
switching 
regulators, 


switching 
converters, 
motor 
drivers, 
relay 
drivers, 
and 
drivers 
for 
high-power 
bipolar 
switching 
transistors 
requiring 
high 
speed 
and low gate-drive 
power. 
These 
types 
can be operated 
directly 
from 
integrated 
circuits. 


The 
IRFP 
types 
are 
supplied 
in the 
JEDEC 
TO-247 
plastic 
package. 


::.::ee 


GATE 


Terminal Diagram 


P-CHANNEL 
ENHANCEMENT 
MODE 


Drain-Source 
Voltage (1) 
VDS 
Drain-Gate 
Voltage (RGS = 20kl1) (1) 
VDGR 
Continuous 
Drain Current 
TC = 250C 
ID 
TC= 
1000C 
ID 
Pulsed Drain Current (3) 
IDM 
Gate-Source 
Voltage 
VGS 
Maximum Power Dissipation 
PD 
(See Figure 14) 


Unear Derating Factor 
. 
(See Figure 14) 


Single Pulse Avalanche Energy Rating (4) 
Eas 
Operating and Storage Junction 
TJ, TSTG 
Temperature 
Range 


Maximum Lead Temperature 
for Soldering 
TL 


(0.063" (1.6mm) from case for 10s) 


IRFP9140 
IRFP9141 
IRFP9142 
IRFP9143 


-100 
-60 
-100 
-60 


-100 
-60 
-100 
-60 


-19 
-19 
-16 
-16 
-12 
-12 
-10 
-10 
-76 
-76 
-64 
-64 


±20 
±20 
±20 
±20 
150 
150 
150 
150 


1.2 
1.2 
1.2 
1.2 


960 
960 
960 
960 
-55to+150 
-55to+150 
-55 to +150 
-55to 
+150 


300 
300 
300 
300 


NOTES: 


1. TJ = +2SoC to +1S00C 


2. Pulse Test: Pulse width ~ 300~s, Duty Cycle :5.2% 


3. Repetitive Rating: 
Pulse width limited by max. junction temperature. 
See 


Transient 
Thermal 
Impedance 
Curve (Figure 
5) 


UNITS 


V 
V 


LIMITS 


CHARACTERISTIC 
SYMBOL 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Drain-Source 
Breakdown 
Voltage 
BVDSS 
VGS = OV,ID = -2501lA 
IRFP9140,IRFP9142 
-100 
- 
- 
V 


IRFP9141,IRFP9143 
-60 
- 
- 
V 


Gate Threshold Voltage 
VGSfTHl 
VDS - VGS, ID - -25OIlA 
-2.0 
- 
-4.0 
V 


Gate-Source 
Leakage Forward 
IGSS 
VGS-20V 
- 
- 
100 
nA 


Gate-Source 
Leakage Reverse 
IGSS 
VGS--20V 
- 
- 
-100 
nA 


Zero Gate Voltage Drain Current 
IDSS 
VDS - Max Rating, VGS - OV 
- 
- 
250 
IlA 


VDS - Max Rating x 0.8, VGS - OV, 
- 
- 
1000 
IlA 
TJ=+1250C 


On-State 
Drain Current (Note 2) 
ID(ON) 
VDS> 
ID(ON) x rDS(ON) Max, VGS = -1 OV 
IRFP9140,IRFP9141 
-19 
- 
- 
A 


IRFP9142,IRFP9143 
-16 
- 
- 
A 


Static Drain-Source 
On-State 
rDS(ON) 
VGS - -10V,ID 
- -1 OA 
Resistance (Note 2) 
IRFP9140,IRFP9141 
- 
0.14 
0.20 
0 


IRFP9142,IRFP9143 
- 
0.20 
0.30 
0 


Forward Transconductance 
(Note 2) 
9fs 
VDS < -50V,ID 
= -10A 
5.3 
7.9 
- 
S(m 


Input Capacitance 
CISS 
VGS = OV,VDS = -25V, f = 1.0MHz 
- 
1200 
- 
pF 


Output Capacitance 
COSS 
See Figure 10 
- 
570 
- 
pF 


Reverse Transfer Capacitance 
CRSS 
- 
160 
- 
pF 


Turn-On 
DelayTime 
td(ONl 
VDD =-50V,ID 
=-19A,RG 
=9.10 
- 
16 
20 
ns 


Rise Time 
tr 
See Figure 17. (MOSFET switching 
times 
- 
65 
100 
ns 


Turn-Off 
Delay Time 
!d(OFFI 
are essentially independent 
of operating 
- 
47 
70 
temperature.) 
ns 


Fall Time 
tf 
- 
28 
70 
ns 


Total Gate Charge 
Og 
VGS - -1 OV,ID - -19A, VDS - 0.8 Max 
- 
37 
55 
nC 
(Gate-Source 
+ Gate-Drain) 
Rating. See Figure 18 for test circuit 


Gate-Source 
Charge 
Oas 
(Gate charge is essentially independent 
of 
- 
8.7 
- 
nC 


Gate-Drain 
("Miller") 
Charge 
Oad 
operating temperature.) 
- 
22 
nC 
- 
Internal Drain Inductance 
LD 
Measured between 
Modified MOSFET 
- 
5.0 
- 
nH 
contact screw on 
symbol showing the 
header that is closer 
internal device 
to source & gate 
inductances. 
pins & center of die. 


~ 


Internal Source Inductance 
LS 
Measured from the 
- 
13 
- 
nH 
source pin, 6mm 
(0.25") from header & 
source bonding pad. 
LS 


5 


Junction-to-Case 
RaJC 
- 
- 
0.83 
°CIW 
Case-to-Sink 
Racs 
Mounting surface flat, smooth and greased 
- 
0.1 
- 
°CIW 
Junction-to-Ambient 
RaJA 
Free Air Operation 
- 
- 
30 
°CIW 


Continuous 
Source Current 
IS 
Modified MOSFET 


~ 


- 
- 
-19 
A 
(Body Diode) 
symbol showing the 


Pulse Source Current 
ISM 
integral reverse 
- 
- 
-76 
A 
(Body Diode) (Note 3) 
P-N junco rectifier. 


Diode Forward Voltage (Note 2) 
VSD 
TJ = +250C,IS 
=-19A, 
VGS = OV 
- 
- 
-1.5 
V 
Reverse Recovery Time 
trr 
TJ - +250C, IF - -18A,dlF/dt 
-1OONIIS 
- 
210 
- 
ns 


Reverse Recovered Charge 
°RR 
- 
2.0 
- 
IIC 
Forward Turn-on 
Time 
tON 
Intrinsic turn-on 
time is negligible. Turn-on 
- 
- 
- 
- 
speed is substantially 
controlled 
by LS + Ln. 


NOTES, 
1. TJ = +250C 
to +1500C 
2. Pulse Test: 
Pulse width 
:S.300jJ5, 
Duty Cycle 
~ 2% 


4. VDD = 50V. Start TJ = +250C, 
L = 4.2mH~. 


RG = 250, 
Peak IL = 19A (See Figures 
15 
and 16) 


3. Repetitive 
Rating: 
Pulse width 
limited 
by max. 
junction 
temperature. 
See Transient 
Thermal 
Impedance 
Curve (Figure 
5) 
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Fig. 1 - Typical output characteristics. 
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Fig. 2 - Typical transfer characteristics. 


f== 


AI1U~"I~ 
.rrs-ARtA 
ITMITEl: 
BY, "us 
(ON) 


IRFP9140 
I 


10",5= 
-- 
IRFP9142.3 
100,,5- 


IRFP9140 
1 
, 


IRF~9142. 


~ 


"- , 
!., 


to.5,- 
IRFP9141 
. 


TC2SoC 
I 
I 
L--IRFP914 


O~ 
TflS00C 
I 


DC II 
SINGLE PULSE 


1 
10 
102 
2 
103 


NEGATIVE VOS' ORAIN-TO-SOURCE VOLTAGE (VOLTS) 


FACTOR, 
O=t1/t2 


TJ=POM X ZthJC 
+ 
TC 


10-3 
10-2 
0.1 


RECTANGULAR 
PULSE 
DURATION 


1 


(SECONDS) 


Fig. 5 - Maximum effective transient thermal impedance, 
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vs. pulse duration. 
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voltage vs. temperature. 
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voltage. 
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Fig. 12 - Typical on-resistance vs. drain current. 
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Fig. 13 - Maximum drain current vs, case temperature. 
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Features 


• -25A, -60V and -100V 


• rDS(ON) = 0.1500 


• Single Pulse Avalanche Energy Rated 


• SOA is Power-Dissipation 
Limited 


• Nanosecond Switching Speeds 


• Linear Transfer Characteristics 


• High Input Impedance 


IRFP9150 
IRFP9151 
Avalanche Energy Rated 
P-Channel Power MOSFETs 


TO-247 


TOP VIEW 


Description 


The IRFP9150 and IRFP9151 are advanced power MOSFETs 
designed, tested, and guaranteedto withstand a specified level 
of energy in the breakdown avalanche mode of operation. 
These are p-channel enhancement-mode silicon-gate power 
field-effect 
transistors designed for applications such as 
switching regulators, switching converters, motor drivers, relay 
drivers, 
and 
drivers 
for 
high-power 
bipolar 
switching 
transistors requiring high speed and low gate-drive power. 
These types can be operated directly from integrated circuits. 


The 
P-channel 
IRFP9150 
is 
an 
approximate 
electrical 
complement to the N-channel IRF9150. 


The IRFP types are supplied in the JEDEC TO-247 plastic 
package. 


Terminal Diagram 


P-CHANNEL 
ENHANCEMENT 
MODE 


Drain-Source 
Voltage •....•............................................. 
VOS 
Continuous 
Drain Current 
TC = 250C ......................•....••....••.......•....•••••.•......• 
10 
TC= 
l000C 
....•...••••...••••......•••••••........••••••••••.....•••• 
10 
Pulsed Drain Current. 
..••••...••••......•••••••.........••••••.••........ 
IOM 
Gate-Source 
Vo~age 
............•........••.•••••..........••••••••.... 
VGS 
Maximum Power Dissipation 
.•....•........................................ 
Po 
(See Figure 18) 
Unear Derating Factor ..............•.•.•.....••••••••••...•......••••........ 
Single Pulse Avalanche 
Energy Rating (3) .........•......•..••.•••••••••••.. 
Eas 
(See Figure 14) 
Avalanche Current (Repetitive or Nonrepetitive) 
•.•••••••..........••......... 
JAR 
Operating 
and Storage Junction 
•....•.•.............................. 
TJ,TSTG 
Temperature 
Range 
Maximum Lead Temperature 
for Soldering 
.................•........••••••••. 
TL 
(0.063" (1.6mm) from case for 10s) 


NOTES: 


1. Pulse Tesl: 
Pulse widlh 
~ 300I'S, Duly Cycle ~ 2% 


2. Repetitive 
Rating: 
Pulse width 
limited 
by max. junction 
temperature. 
See 
Transient 
Thermal 
Impedance 
Curve (Figure 
5) 
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mJ 


-25 
-25 
A 
-55to+150 
-55 to +150 
°c 


300 
300 
°c 
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w 
•.•.• 
zen 
ZO 
cc::i: 
:z:o: 
"'w 
d.==o 
Q. 


UMITS 


CHARACTERISTIC 
SYMBOL 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Drain-Source 
Breakdown 
Voltage 
BVOSS 
VGS = OV, 10 = -2501lA 
IRFP9150 
-100 
- 
- 
V 


IRFP9151 
-60 
- 
- 
V 


Gate Threshold Voltage 
VGSITHl 
VOS = VGS, 10 - -2501lA 
-2.0 
- 
-4.0 
V 


Gate-Source 
Leakage Forward 
IGSS 
VGS--20V 
- 
- 
-100 
nA 


Gate-Source 
Leakage Reverse 
IGSS 
VGS-20V 
- 
- 
100 
nA 


Zero Gate Voltage Drain Current 
lOSS 
VDS = Max Rating, VGS - OV 
- 
- 
-250 
IlA 


VOS - Max Rating x 0.8, VGS - OV, 
- 
- 
-1000 
IlA 
TC=+1250C 


On-State 
Drain Current (Note 1) 
'OIONl 
VOS> 
lorONl 
x rOSIONl Max, VGS - 10V 
-25 
- 
- 
A 


Static Drain-Source 
On-State 
rOS(ON) 
VGS - -10V,10 
- -lOA 
- 
0.09 
0.15 
0 
Resistance (Note 1) 


Forward Transconductance 
(Note 1) 
9fs 
VOS = -10V,10 
= -12.5A 
4 
10 
- 
S 


Input Capacitance 
C,SS 
VGS - OV,VOS - -25V, f - 1.0MHz 
- 
2400 
- 
pF 


Output Capacitance 
COSS 
See Figure 10 
- 
850 
- 
pF 


Reverse Transfer Capacitance 
CRSS 
- 
400 
- 
pF 


Turn-On 
OelayTime 
tdlONl 
VOO - -50V,10 
- -25A, RG - 6.80, 
- 
16 
24 
ns 


RiseTime 
tr 
RO = 20. See Figures 16 and 17. 
- 
110 
160 
ns 


Turn-Off 
Delay Time 
!dIOFFl 
(MOSFET switching 
times are essentially 
- 
65 
100 
ns 
independent 
of operating temperature.) 
Fall Time 
tf 
- 
46 
70 
ns 


Total Gate Charge 
Og 
VGS - -1 OV,10 - -25A, VOS - 0.8 Max 
- 
82 
120 
nC 
(Gate-Source 
+ Gate-Drain) 
Rating. See Figures 11 & 19 for test circuil. 


Gate-Source 
Charge 
°QS 
(Gate charge is essentially independent 
of 
- 
14 
- 
nC 


Gate-Drain 
("Miller") 
Charge 
OQd 
operating temperature.) 
- 
42 
- 
nC 


Internal Drain Inductance 
LO 
Measured between 
Modified MOSFET 
- 
5.0 
- 
nH 
contact screw on 
symbol showing the 
header that is closer 
internal device 
to source & gate 
inductances. 


pins & center of die. 


~ 


Internal Source Inductance 
LS 
Measured from the 
- 
13 
- 
nH 
source pin, 6mm 
(0.25") from header & 
source bonding pad. 
LS 


S 


Junction-ta-Case 
RllJC 
- 
- 
0.83 
°C/W 


Case-to-Sink 
Racs 
Mounting surface flat, smooth and greased 
- 
0.1 
- 
oC/W 


Junction-ta-Ambient 
RaJA 
Free Air Operation 
- 
- 
30 
oC/W 


Continuous Source Current 
IS 
Modified MOSFET 


~ 


- 
- 
-25 
A 
(Body Diode) 
symbol showing the 


Pulse Source Current 
ISM 
integral reverse 
- 
- 
-100 
A 
(Body Diode) (Note 3) 
P-N junco rectifier. 


Diode Forward Voltage (Note 2) 
VSO 
TJ = +250C,IS 
= 25A, VGS = OV 
- 
-0.9 
-1.5 
V 
Reverse Recovery Time 
trr 
TJ - +250C, IF - 25A, dlF/dt = 1OON~s 
- 
150 
300 
ns 


Reverse Recovered Charge 
°RR 
TJ - +250C, IF = 25A,dlF/dt 
= l00Al~s 
0.3 
0.7 
1.5 
~C 
Forward Turn-on Time 
tON 
Intrinsic turn-on time is negligible. Turn-on 
- 
- 
- 
- 
speed is substantially 
controlled 
by LS + LO. 


NOTES: 
1. Pulse Test: Pulse width < 300J.1s. 
2. Repettlive Rating: Pulse width limited by max. 


Duty Cycle ~ 2% 
junction 
temperature. 
See Transient 
Thermal 
Impedance 
Curve (Figure 5) 


3. Voo 
= 25V. Start TJ = +250C. 
L = 3.2mhy. 
RG = 250. 
Peak IL = 25A (See Figures 14 
and 15) 
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IRFP9240/P9241 
IRFP9242/P9243 


Avalanche 
Energy Rated 


P-Channel 
Power MOSFETs 


mHARRIS 


Features 


• -lOA 
and 
-12A, 
-200V 
and 
-150V 


• rDS(ON) 
= 0.500 
and 
0.70 


• Single 
Pulse 
Avalanche 
Energy 
Rated 


• SOA 
is Power-Dissipation 
Limited 


• Nanosecond 
Switching 
Speeds 


• Linear 
Transfer 
Characteristics 


TO-247 
TOP VIEW 


Description 


The 
IRFP9240, 
IRFP924l, 
IRFP9242 
and 
IRFP9243 
are ad- 
vanced 
power 
MOSFETs 
designed, 
tested, 
and guaranteed 
to 
withstand 
a 
specified 
level 
of 
energy 
in 
the 
breakdown 
avalanche 
mode 
of 
operation. 
These 
are 
p-channel 


enhancement-mode 
silicon-gate 
power 
field-effect 
transistors 
designed 
for 
applications 
such 
as 
switching 
regulators, 


switching 
converters, 
motor 
drivers, 
relay drivers, 
and 
drivers 
for 
high-power 
bipolar 
switching 
transistors 
requiring 
high 
speed 
and low gate-drive 
power. 
These types 
can be operated 
directly 
from 
integrated 
circuits. 


The 
IRFP 
types 
are 
supplied 
in the 
JEDEC 
TO-247 
plastic 
package. 


Terminal Diagram 


P-CHANNEL 
ENHANCEMENT 
MODE 


Drain-Source Voltage (1) 
VDS 
Drain-Gate Voltage (RGS = 20kO) (1) 
VDGR 
Continuous Drain Current 
TC = 250C 
ID 
TC = 1000C 
ID 
Pulsed Drain Current (3) ............•................. 
IDM 
Gate-Source Voltage 
VGS 
Maximum Power Dissipation 
PD 
(See Figure 14) 
Unear Derating Factor 
. 
(See Figure 14) 
Single Pulse Avalanche Energy Rating (4) 
Eas 
Operating and Storage Junction 
TJ, TSTG 
Temperature Range 
Maximum Lead Temperature for Soldering 
TL 
(0.063" (1.6mm) from case for 10s) 


IRFP9240 
IRFP9241 
IRFP9242 
IRFP9243 


-200 
-150 
-200 
-150 
-200 
-150 
-200 
-150 


-12 
-12 
-10 
-10 
-7.5 
-7.5 
-6.3 
-6.3 
-48 
-48 
-40 
-40 


±20 
±20 
±20 
±20 
150 
150 
150 
150 


1.2 
1.2 
1.2 
1.2 


790 
790 
790 
790 
-55to+150 
-55to+150 
-55 to +150 
-55to+150 


300 
300 
300 
300 


NOTES: 


1. TJ = +2SoC to +1S00C 


2. Pulse Test: 
Pulse width 
:5.300~s. 
Outy Cycle 
:5.2% 


3. Repetitive Rating: 
Pulse width limited by max. junction temperature. 
See 
Transient Thermal 
Impedance 
Curve (Figure 5) 


UNITS 


V 
V 


LIMITS 


CHARACTERISTIC 
SYMBOL 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Drain-Source 
Breakdown 
Voltage 
BVDSS 
VGS = OV,ID = -250flA 
IRFP9240,IRFP9242 
-200 
- 
- 
V 


IRFP9241, IRFP9243 
-150 
- 
- 
V 


Gate Threshold 
Voltage 
VGSITHI 
VDS - VGS, ID - -250MA 
-2.0 
- 
-4.0 
V 


Gate-Source 
Leakage Forward 
IGSS 
VGS- 
20V 
- 
- 
100 
nA 


Gate-Source 
Leakage Reverse 
IGSS 
VGS=-20V 
- 
- 
-100 
nA 


Zero Gate Voltage Drain Current 
IDSS 
VDS = Max Rating, VGS = OV 
- 
- 
-250 
MA 


VDS = Max Rating x 0.8, VGS = OV, 
- 
- 
-1000 
flA 
TJ=+1250C 


On-State 
Drain Current (Note 2) 
ID(ON) 
VDS> 
ID(ON) x rDS(ON) Max, VGS = -10V 
IRFP9240,IRFP9241 
-12 
- 
- 
A 


IRFP9242,IRFP9243 
-10 
- 
- 
A 


Static Drain-Source 
On-State 
rDS(ON) 
VGS - -1 OV,ID - -6.3A 
Resistance (Note 2) 
IRFP9240,IRFP9241 
- 
0.38 
0.50 
n 


IRFP9242,IRFP9243 
- 
0.50 
0.70 
n 


Forward Transconductance 
(Note 2) 
9fs 
VDS < -50V, ID - -6.3A 
3.8 
5.7 
- 
S(Ul 
Input Capacitance 
CISS 
VGS - OV,VDS - -25V, f - 1.0MHz 
- 
1400 
- 
pF 


Output Capacitance 
COSS 
See Figure 10 
- 
350 
- 
pF 


Reverse Transfer Capacitance 
CRSS 
- 
140 
- 
pF 


Turn-On 
DelayTime 
td(ONl 
VDD - -1OOV,ID - -12A, RG - 9.1 n 
- 
18 
22 
ns 
RiseTime 
tr 
See Figure 17. (MOSFET switching 
times 
- 
45 
68 
ns 


Turn-Off 
Delay Time 
1dlOFF) 
are essentially independent 
of operating 
- 
75 
90 
temperature.) 
ns 


Fall Time 
tf 
- 
29 
44 
ns 


Total Gate Charge 
Og 
VGS - -1 OV,ID - -12A, VDS - 0.8 Max 
- 
38 
57 
nC 
(Gate-Source 
+ Gate-Drain) 
Rating. See Figure 18 for test circuit. 


Gate-Source 
Charge 
°QS 
(Gate charge is essentially independent 
of 
- 
8.0 
- 
nC 


Gate-Drain 
("Miller") 
Charge 
°Qd 
operating temperature.) 
- 
21 
- 
nC 
Internal Drain Inductance 
LD 
Measured between 
Modified MOSFET 
- 
5.0 
- 
nH 
contact screw on 
symbol showing the 
header that is closer 
internal device 
to source & gate 
inductances. 
pins & center of die. 


~ 


Internal Source Inductance 
LS 
Measured from the 
- 
12.5 
- 
nH 
source 
pin, 6mm 
(0.25") from header & 
source bonding pad. 
LS 


S 


Junction-ta-Case 
ROJC 
- 
- 
0.83 
°C/W 
Case-to-Sink 
ROCS 
Mounting surface flat, smooth and greased 
- 
0.1 
- 
°C/W 
Junction-ta-Ambient 
ROJA 
Free Air Operation 
- 
- 
30 
°C/W 


Continuous 
Source Current 
IS 
Modified MOSFET 


~ 


- 
- 
-12 
A 
(Body Diode) 
symbol showing the 


Pulse Source Current 
ISM 
integral reverse 
- 
- 
-48 
A 
(Body Diode) (Note 3) 
P-N junco rectifier. 


Diode Forward Voltage (Note 2) 
VSD 
TJ = +250C,IS 
= -12A, VGS = OV 
- 
- 
-1.5 
V 


Reverse Recovery Time 
trr 
TJ - +250C,'F 
- -11A,dlF/dt 
= 100NMS 
- 
210 
- 
ns 
Reverse Recovered 
Charge 
°RR 
2.0 
- 
MC 
Forward Turn-on 
Time 
tON 
Intrinsic turn-on 
time is negligible. Turn-on 
- 
- 
- 
- 
speed is substantially 
controlled 
by LS + LD. 


NOTES: 
I. 
TJ = +2SoC to +1S00C 
2. Pulse Test: 
Pulse width S 300~s, 
Duty Cycle S 2% 


3. Repetitive Rating: 
Pulse width limited by max. 
junction temperature. 
See Transient 
Thermal 
Impedance Curve (Figure S) 


4. VDD = SOV, Start TJ = +2SoC, l = 8.2mH~, 


RG = son, Peak Il = 12A (See Figures IS 
and 16) 
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Fig. 5 - Maximum 
effecrive transienr rhermal impedance, 


junction-ro-case 
vs. pulse durarion. 
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• 1A, -80V and -100V 


• rDS(ON) = 3.650 


• SOA is Power-Dissipation 
Limited 


• Nanosecond Switching 
Speeds 


• Linear Transfer Characteristics 


• High Input Impedance 


• Majority Carrier Device 


Description 


The RFL1P08 and RFL1P10 are P-channel enhancement- 
mode silicon-gate power field-effect transistors designed for 
applications 
such 
as 
switching 
regulators, 
switching 
converters, motor drivers, relay drivers, and drivers for high- 
power bipolar switching transistors requiring high speed and 
low gate-drive power. These types can be operated directly 
from integrated circuits. 


The RFL series types are supplied in the JEDEC TO-205AF 
metal package. 


RFJ.1P08 
RFJ.1P10 
P-Channel Enhancement-Mode 
Power Field-Effect Transistors 


TO-205AF 


BonOMVIEW 


SOUTIRCE 
0 
GATE 


DRAIN 
(CASE) 


Terminal Diagram 


P-CHANNEL 
ENHANCEMENT 
MODE 


Drain-Source 
Voltage .•..•............................................•. 
vDS 
Drain-Gate 
Voltage (RGS= 
1mO) ••......•.•............................ 
VDGR 
Continuous 
Drain Current 
RMS Continuous 
............•........••.•••..........••••••.•.........• 
ID 
Pulsed Drain Current ....................•••............••••••••........ 
IDM 
Gate-SourceVo~age 
.•..•......................................•.•..... 
VGS 
Maximum Power Dissipation 
TC = +250C 
...................•.....••..•.............•............... 
PD 
Above TC = +250C, Derate Linearly 
..........•......•.•..•.....•........... 
Operating 
and Storage Junction 
•.......•.•..•........................ 
TJ, TSTG 
Temperature 
Range 


RFL1P08 
RFL1P10 
UNITS 


-80 
-100 
V 
-80 
-100 
V 


1 
1 
A 
5 
5 
A 
±20 
±20 
V 


8.33 
8.33 
W 
0.0667 
0.0667 
W/oC 
-55 to +150 
-55to+150 
°C 


~ 
...• 
w 
w ••• 
zU) 
ZCl 
c::IE 
:Z:a: 
Uw 
d.~ 
Cl 
0. 


LIMITS 


RFL1P08 
RFL1P10 


CHARACTERISTIC 
SYMBOLS 
TEST CONDITIONS 
MIN 
MAX 
MIN 
MAX 
UNITS 


Orain-Source Breakdown Voltage 
BVOSS 
10 = 1mA, VGS = 0 
-80 
- 
-100 
- 
V 


Gate Threshold Voltage 
VGS(th) 
VGS = VOS. 10 = 1mA 
-2 
-4 
-2 
-4 
V 


Zero-Gate Voltage Orain Current 
lOSS 
VOS=-65V 
- 
-1 
- 
- 
IlA 


VOS=-80V 
- 
- 
- 
-1 
IlA 


TC= +1250C 
VOS=-65V 
- 
-50 
- 
- 
IlA 


VOS=-80V 
- 
- 
- 
-SO 
mA 


Gate-Source Leakage Current 
IGSS 
VGS = ±20V. VOS = 0 
- 
±100 
- 
±100 
nA 


Orain-Source On-Voltage 
VOS(on)" 
10 = 1A,VGS =-10V 
- 
-3.65 
- 
-3.65 
V 


10 = 2A, VGS =-10V 
- 
-9.3 
- 
-9.3 
V 


Static Orain-Source On Resistance 
rOS(on)" 
10=1A,VGS=-10V 
- 
3.65 
- 
3.65 
0 


Forward Transconductance 
9fs" 
10 = 1A,VOS = -10V 
200 
- 
200 
- 
S(U) 


Input Capacitance 
CISS 
VGS = OV.VOS = -25V 
- 
150 
- 
150 
pF 
f=1MHz 
Output Capacitance 
COSS 
- 
80 
- 
80 
pF 


Reverse Transfer Capacitance 
CRSS 
- 
30 
- 
30 
pF 


Turn-On Oelay Time 
!d(on) 
10 = 1A. VOO =-50V 
7 (typ) 
25 
7 (typ) 
25 
ns 


RiseTime 
tr 
RGEN = RGS = 500 
15 (typ) 
45 
15 (typ) 
45 
ns 
VGS=-10V 
Turn-Off Oelay Time 
!d(off) 
14 (typ) 
45 
14 (typ) 
45 
ns 


Fall Time 
tf 
11 (typ) 
25 
11 (typ) 
25 
ns 


Thermal Resistance Junction-to-Case 
RaJC 
- 
15 
- 
15 
ocm 


LIMITS 


RFL1P08 
RFL1P10 


CHARACTERISTIC 
SYMBOLS 
TEST CONDITIONS 
MIN 
MAX 
MIN 
MAX 
UNITS 


Oiode Forward Voltage 
VSO" 
ISo=-1A 
- 
-1.4 
- 
-1.4 
V 


Oiode Reverse Recovery Time 
trr 
IF=2A 
- 
135 (typ) 
- 
135 (typ) 
ns 
dlF/dt = 50NI1s 


ffi 
1.0 
i~ 
~ 0.8 
zo 
;:: 0.6 
~ 
'"~ 0.4 
o 
::i 
~ 0.2 


OPERATION 
IN THIS AREA 
LIMITED 
BY Rds(on) 
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Io-lmA 
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..• 
'" 
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!! 
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~ 
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~ 0.9 
~ 
~ 0.8 


; 
0.7 


~ 0.6 
-00 


~~ 
W 
••••• 


zc;) 
ZCl 
<:E 
:I: a: 
"'w 
d.3 
Cl 
Q. 


o 
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JUNCTION 
TEMPERATURE 
(TJ)--C 
92CS-31!l85 


Fig. 2 - Normalized 
power dissipation vs temperature 
derating curve. 
Fig. 3 - Typical normalized 
gate threshold 
voltage as a function 
of 
junction 
temperature 
for all types. 


Fig. 4 - Normalized 
drain-to-source 
on 
resistance 
to junction 
temperature 
for all types. 
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Fig. 8 - Typical 
drain-to-source 
on resistance 
as a function 
of 
drain current for a/l types. 


Fig. 10- Typical forward 
transconductance 
as a function 
of drain 
current for a/l types. 
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Fig. 9 - Capacitance 
as a function 
of drain-to-source 
voltage for 
a/l types. 
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Features 


• -2A, -80V and -100V 


• rDSION) = 3.50 


• SOA is Power-Dissipation 
Limited 


• Nanosecond Switching Speeds 


• Linear Transfer Characteristics 


• High Input Impedance 


• Majority Carrier Device 


Description 


The RFP2P08 and RFP2P10 are P-channel enhancement- 
mode silicon-gate power field-effect transistors designed for 
applications 
such 
as 
switching 
regulators, 
switching 
converters, motor drivers, relay drivers, and drivers for 
high-power bipolar switching transistors requiring high speed 
and low gate-drive power. These types can be operated 
directly from integrated circuits. 


The RFP series types are supplied in the JEDEC TO-220AB 
plastic package. 


RFP2P08 
RFP2P10 
P-Channel Enhancement-Mode 
Power Field-Effect Transistors 


TO-220AB 


TOP VIEW 


DRAIN~ 
(FlA~GE) 0 
~::::;::;~: 
~~I~CE 


L..-. 
- 
•••••..:::::::::::>- 
GATE 


Terminal Diagram 


P-CHANNEL ENHANCEMENT MODE 


Drain-Source 
Voltage .......................................•....•...... 
VDS 
Drain-Gate 
Voltage (RGS = 1mOl 
VDGR 
Continuous 
Drain Current 
RMS Continuous 
•.....••......•.......•.•.........•••••..........•..•.. 
10 
Pulsed Drain Current. 
.............................•...••••••.....••..•• 
10M 
Gate-Source 
Voltage 
..................................•..•..•.•.......• 
VGS 
Maximum Power Dissipation 
TC = +250C 
......•.................................................... 
Po 
Above TC = +250C, Derate Linearly 
...............................••.••..•. 


Operating 
and Storage Junction 
......•.....••..............•......... 
TJ. TSTG 
Temperature 
Range 


RFP2P08 
RFP2P10 
UNITS 


-80 
-100 
V 
-80 
-100 
V 


2 
2 
A 
5 
5 
A 
±20 
±20 
V 


25 
25 
W 
0.2 
0.2 
W/oC 
-55to+1OO 
-55 to +150 
oC 


~ 
•..• 
w 
w'" 
zu> 
zCl 
<~ 
::r::a: 
"'w 
'~ 
ll..Cl 


ll.. 


LIMITS 


RFP2P08 
RFP2P10 


CHARACTERISTIC 
SYMBOLS 
TEST CONDITIONS 
MIN 
MAX 
MIN 
MAX 
UNITS 


Drain-Source Breakdown Voltage 
BVOSS 
10 = 1mA, VGS = 0 
-80 
- 
-100 
- 
V 


Gate Threshold Voltage 
VGS(lh) 
VGS=VOS,IO 
= 1mA 
-2 
-4 
-2 
-4 
V 


Zero-Gate Voltage Drain Current 
lOSS 
VOS=-65V 
- 
-1 
- 
- 
flA 


VOS=-80V 
- 
- 
- 
-1 
flA 


TC=+1250C 
VOS=-65V 
- 
-50 
- 
- 
flA 


VOS=-80V 
- 
- 
- 
-50 
mA 


Gate-Source Leakage Currenl 
IGSS 
VGS = ±20V, VOS = 0 
- 
±100 
- 
±100 
nA 


Drain-Source On-Voltage 
VOS(on)* 
10 = 1A,VGS = -10V 
- 
-3.5 
- 
-3.5 
V 


10 = 2A,VGS =-10V 
- 
-9.0 
- 
-9.0 
V 


Static Drain-Source On Resistance 
rOS(on)* 
10 = 1A,VGS = -10V 
- 
3.5 
- 
3.5 
0 


Forward Transconductance 
9fs" 
10 = 1A,VOS = -10V 
200 
- 
200 
- 
S(U) 


Input Capacitance 
CISS 
VGS = OV,VOS = -25V 
- 
150 
- 
150 
pF 
f=1MHz 
Outpul Capacitance 
COSS 
- 
80 
- 
80 
pF 


Reverse Transfer Capacitance 
CRSS 
- 
30 
- 
30 
pF 


Turn-On Delay Time 
lcf(on) 
10 = 1A, VOO = -50V 
7 (typ) 
25 
7 (typ) 
25 
ns 


Rise Time 
Ir 
RGEN = RGS = 500 
15 (typ) 
45 
15 (typ) 
45 
ns 
VGS=-10V 


Turn-Off OelayTime 
lcf(off) 
14 (typ) 
45 
14 (typ) 
45 
ns 


Fall Time 
If 
11 (typ) 
25 
11 (typ) 
25 
ns 


Thermal Resistance Junction-Io-Case 
ReJC 
- 
5 
- 
5 
°CIW 


LIMITS 


RFP2P08 
RFP2P10 


CHARACTERISTIC 
SYMBOLS 
TEST CONDITIONS 
MIN 
MAX 
MIN 
MAX 
UNITS 


Diode Forward Voltage 
VSO" 
ISO =-1A 
- 
-1.4 
- 
-1.4 
V 


Diode Reverse Recovery Time 
trr 
IF=2A 
- 
135 (typ) 
- 
135 (typ) 
ns 
dlF/dt = 50N~s 


SAFE OPERATING 
AREA 
RFP2P08. 
RFP2Pl0 


CASE 
TEHPERATURE 
(Tol-2SoC 
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Fig. 4 - Normalized 
drain-to-source 
on resistance 
to junction 
temperature 
for all types. 
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Fig. 3 - Typical normalized gate threshold voltage as a function of 


junction 
temperature 
for all types. 
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Fig. 8 - Typical 
drain-to-sourca 
on resistance 
as a function 
of 
drain current for all types. 


Fig. 10- Typical forward transconductance 
as a function 
of drain 
current for all types. 
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as a function 
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Features 


• -SA, -120V and -lS0V 


• rDS(on) = 10 


• SOA is Power-Dissipation 
Limited 


• Nanosecond Switching Speeds 


• Linear Transfer Characteristics 


• High Input Impedance 


• Majority Carrier Device 


Description 


The RFM5P12 and RFM5P15 and the RFP5P12 and 
RFP5P15 are p-channel enhancement-mode silicon gate 
power field-effect 
transistors designed for high-speed 
applications 
such 
as 
switching 
regulators, switching 
converters,relay drivers,and drivers for high-power bipolar 
switching transistors. 


The RFM series types 
are 
supplied 
in 
the JEDEC 
TO-204AA metal package and the RFPseries types in the 
JEDEC TO-220AB plastic package. All these types are 
supplied without an internal gate zener diode. 


RFM5P12/5P15 
RFP5P12/5P15 
P-Channel Enhancement-Mode 
Power Field-Effect Transistors 


DRAIN 
SOU~LANGE)o 
GATE 


DRAIN 
~ 


(FLALeLJ==_ 
~==_ ~==_';>:;:o:~~~~CE 


Terminal Diagram 


P-CHANNEL 
ENHANCEMENT 
MODE 


Drain-Source Voltage .•..•...•••..•...••..... 
VOS 
Drain-Gate Voltage (RGS = 1mO) •....•••••.. 
VOGR 
Continuous Drain Current 
RMS Continuous 
................•........... 
10 
Pulsed Drain Current. ............••.....••.. 
10M 
Gate-Source Voltage 
VGS 
Maximum Power Dissipation 
TC = +250C 
..............•.•.....•••.•..... 
Po 
Above TC = +250C, Derate Linearly 
.••.......... 
Operating and Storage Junction •.........• 
TJ, TSTG 
Temperature Range 


RFM5P12 


-120 
-120 


75 
0.6 
-55 to +150 


RFM5P15 


-150 
-150 


RFP5P12 
RFP5P15 


-120 
-150 
-120 
-150 


5 
5 
15 
15 
±20 
±20 


60 
60 
0.48 
0.48 
-55to+150 
-55to+15O 


75 
0.6 
-55to+150 


UNITS 


V 
V 


W 
W/oC 
oC 


~ 
....w 
w ••.• 
z'" 
zO 
cc:i: 
:1:= 
••.• 
w 
d.;co 
D.. 


LIMITS 


TEST 
RFM5P12 
RFM5P15 
UNITS 
CHARACTERISTIC 
SYMBOL 
CONDITIONS 
RFP5P12 
RFP5P15 


Min. 
Max. 
Min. 
Max. 


Drain-Source 
Breakdown 
Voltage 
BVoss 
10 = 1 mA 
-120 
-150 
V 
- 
- 
VGS= 0 


Gate-Threshold 
Voltage 
VGSlthi 
VGS= Vos 
-2 
-4 
-2 
-4 
V 
10 = 1 mA 


Zero-Gate 
Voltage Drain Current 
loss 
Vos = -100 V 
- 
1 
- 
- 


Vos = -120 V 
- 
- 
- 
1 


Tc = 125°C 
liA 


Vos = -100 V 
- 
50 
- 
- 


Vos = -120 V 
- 
- 
- 
50 


Gate-Source 
Leakage Current 
IGss 
VGS= ±20 V 
100 
100 
nA 
- 
- 
Vos = 0 


Drain-Source 
On Voltage 
VOSlonl 
a 
10 = 2.5 A 
- 
-2.5 
- 
-2.5 
VGs=-10V 
V 


10 = 5A 
-8 
-8 
- 
- 
VGs=-10V 


Static Drain-Source 
On Resistance 
rOSIOn) 
a 
10 = 2.5 A 
- 
1 
- 
1 
0 
VGS= -10 V 


Forward Transconductance 
gfs 
8 
Vos = 10 V 
mho 
0.75 
- 
0.75 
- 
10 = 2.5 A 


Input Capacitance 
Giss 
Vos = 25 V 
- 
700 
- 
700 


Output 
Capacitance 
Coss 
VGS= 0 V 
- 
300 
- 
300 
pF 


Reverse-Transfer 
Capacitance 
Crss 
f = 1MHz 
- 
100 
- 
100 


Turn-On 
Delay Time 
tdlonl 
Voo = 1/2 BVoss 
20(typ.) 
60 
20(typ.) 
60 
Rise Time 
t, 
10 = 2.5 A 
36(typ.) 
100 
36(typ.) 
100 
ns 
Turn-Off 
Delay Time 
. 
td1off) 
Rgan = Rg• = 500 
63(typ.) 
150 
63(typ.) 
150 
Fall Time 
tt 
VGs=10V 
40(typ.) 
100 
40(typ.) 
100 


Thermal 
Resistance 
Junction-to-Case 
R8Jc 
RFM5P12, 
- 
1.67 
- 
1.67 
RFM5P15 
°C/W 
RFP5P12, 
2.083 
2.083 
- 
- 
RFP5P15 


LIMITS 


CHARACTERISTIC 
SYMBOL 
TEST 
RFM5P12 
RFM5P15 
UNITS 
CONDITIONS 
RFP5P12 
RFP5P15 
Min. 
I 
Max. 
Min. 
I 
Max. 


Diode Forward Voltage 
Vso 
Iso = 2.5A 
- 
I 
1.4 
- 
I 
1.4 
V 


Reverse Recovery Time 
tn 
IF = 4A 
300(typ.) 
300(typ.) 
ns 
d'F/d, = 100A/liS 


~ 
!. 60 
~ 
iI'" 
~ 
~ 
4 
<; 


ffi 
30 
AFP5P12 


~ 
20 
AFP5P15 
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6 !160 
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Fig. 2 - Power 
dissipation 
vs. temperature 
derating curve for a/l types. 


Fig. 3 - Typical 
normalized 
gate 
threshold 
voltage 
as a function 
of junction 
temperature for a/l types. 
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Fig. 4 - Normalized 
drain-to-source 
on 
resistance 
to junction 
temperature 
for 
a/l types. 


Fig. 5 - Typical 
transfer 
characteristics 
for a/l 
types. 


Fig. 8 - Typical drain-to-source 
on resistance 
as a function 
of drain current 
for all 
types. 


Fig. 10- Typical 
forward 
transconductance 
as a function 
of drain 
current for all types. 


Fig. 7 - Typical saturation characteristics 
for all 
types. 
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Fig. 9 - Capacitance 
as a function 
of drain-to- 
source voltage for all types. 
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• -6A, -80V and -100V 


• rDS(on) = 0.60 


• SOA is Power-Dissipation 
Limited 


• Nanosecond Switching Speeds 


• Linear Transfer Characteristics 


• High Input Impedance 


• Majority Carrier Device 


Description 


The RFM6P08 and RFM6P10 and the RFP6P08 and 
RFP6P10 are p-channel enhancement-mode silicon gate 
power field-effect transistors designed for high-speed 
applications such 
as 
switching 
regulators, switching 


converters,relaydrivers,and driversfor high-power bipolar 
switching transistors. 


The RFM series types 
are supplied 
in the JEDEC 


TO-204M 
metal package and the RFPseries types in the 


JEDEC TO-220AB plastic package. All these types are 
supplied without an internal gate zener diode. 


RFM6POS/6P10 
RFP6POS/6P10 
P-Channel 
Enhancement-Mode 


Power Field-Effect 
Transistors 


DRAIN 


SOU~LANGE)o 
GATE 


Terminal Diagram 


P-CHANNEL 
ENHANCEMENT 
MODE 


Drain-Source Voltage. . . . . . . . . . • . . . • . . . . . . . .. 
VDS 


Drain-Gate Voltage (RGS = 1mOl 
VDGR 


Continuous Drain Current 
RMS Continuous 
" 
10 


Pulsed Drain Current 
10M 


Gate-Source Voltage 
...........•............ 
VGS 


Maximum Power Dissipation 


TC = +250C 
Po 


Above TC = +250C, Derate Linearly ....•••...... 


Operating and Storage Junction 
TJ, TSTG 


Temperature Range 


RFM6P08 
RFM6P10 
RFP6P08 


80 
100 
80 
80 
100 
80 


6 
6 
6 
20 
20 
20 
±20 
±20 
±20 


75 
75 
60 
0.6 
0.6 
0.48 


-55to+150 
-55 to +150 
-55to+150 


60 
0.48 


-55to+150 


UNITS 


V 
V 


W 
WloC 
°c 


~ 
....w 
wu.. 
zu> 
zCl 
<::IE 
:1:= 
Uw 
d.3: 
Cl 
Q. 


LIMITS 


CHARACTERISTICS 
SYMBOL 
TEST 
RFM6P08 
RFM6P10 
UNITS 
CONDITIONS 
RFP6P08 
RFP6P10 
MIN. 
MAX. 
MIN. 
MAX. 


Drain-Source 
Breakdown Voltage 
BVoss 
10=1mA 
-80 
- 
-100 
- 
V 
VGs=O 
Gate Threshold Voltage 
VGs(th) 
VGs=Vos 
-2 
-4 
-2 
-4 
V 
10=1mA 
Zero Gate Voltage 
Drain Current 
loss 
Vos=-65 V 
- 
1 
- 
- 
Vos=-80 V 
- 
- 
- 
1 
Tc=125°C 
"A 
Vos=-65 V 
- 
50 
- 
- 
Vos=-80 V 
- 
- 
- 
50 
Gate-Source Leakage Current 
IGSS 
VGs=±20 V 
- 
100 
- 
100 
nA 
Vos=O 
Drain-Source On Voltage 
Vos(on)a 
10=3A 
- 
-1.8 
- 
-1.8 
VGs=-10 V 
V 
10=6A 
- 
-6 
- 
-6 
VGs=-10 V 
Static Drain-Source 
On Resistance 
ros(on)a 
10=3A 
- 
0.6 
- 
0.6 
n 
VGs=-10 V 
Forward Transconductance 
Qts 
8 
Vos=10 V 
1 
- 
1 
- 
mho 
10=3A 
Input Capacitance 
Ciss 
Vos=25 V 
- 
800 
- 
800 
Output Capacitance 
Coos 
VGs=OV 
- 
350 
- 
350 
pF 
Reverse Transfer Capacitance 
C"", 
f = 1MHz 
- 
150 
- 
150 
Turn-On Delay Time 
td(on) 
Voo = 50 V 
11(typ) 
60 
11(typ) 
60 
Rise Time 
t, 
10=3A 
48(typ) 
100 
48(tvp) 
100 
ns 
Turn-Off 
Delay Time 
td(off) 
Rgan=Rgs=50n 
102(tvp) 
150 
102(lyp) 
150 
Fall Time 
t, 
VGs=10 V 
70(typ) 
100 
70(typ) 
100 
Thermal Resistance 
R8JC 
RFM6P08, 
- 
1.67 
- 
1.67 
Junction-to-Case 
RFM6P10 
RFP6P08, 
- 
2.083 
- 
2.083 
°CIW 


RFP6P10 


LIMITS 


CHARACTERISTIC 
SYMBOL 
TEST 
RFM6P08 
RFM6P10 
UNITS 
CONDITIONS 
RFP6P08 
RFP6P10 
MIN. 
I 
MAX. 
MIN. 
I 
MAX. 
Diode Forward Voltage 
Vso 
150=3A 
- 
I 
1.4 
- 
I 
1.4 
V 


Reverse Recovery Time 
tn 
1.=4A 
150(typ) 
150(typ) 
ns 
dlF/d,=50 All'S 


100 
, 
CASE 
TEMPERATURE 
(TC)" 
25°C 


• 
(CURVES 
MUST 
BE 
DERATED 
LINEARLY 
WITH 
INCREASE 
IN 


• 
TEMPERATURE) 


'" 
10 
I 
(j 


•...z 
'""'"' 
::> 
<.>,z« 
"'c 


•• 
-10 
-100 


DRAIN-TO-SOURCE 
VOLTAGE 
IVDS)-V 


92CS-37039Rl 


o 
50 
100 
150 


JUNCTION TEMPERATURE {TJI _·C 


92CS-37047 


Fig. 3 - 
Typical normalized gate threshold voltage as a function 
of junction temperature lor all types. 


Fig. 4 - 
Normalized drain-to-source 
on resistance to junction 
temperature lor all types. 
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(II HARRIS 


Features 


• -SA, -50V 


• rDS(on) = 0.300 n 


• UIS SOA Rating Curve (Single Pulse) 


• SOA is Power-Dissipation 
Limited 


• Nanosecond Switching Speeds 


• Linear Transfer Characteristics 


• High Input Impedance 


Description 


The RFD8P05, RFD8P05SM and RFP8P05 p-channel 
power MOSFETs are manufactured using the MegaFET 
process. 
This 
process, 
which 
uses 
feature 
sizes 
approaching those of LSI integrated circuits, gives optimum 
utilization of silicon, resulting in outstanding performance. 
They were designed for use in applications such as 
switching regulators, switching converters, motor drivers, 
relay drivers, and emitter switches for bipolar transistors. 
These transistors can be operated directly from integrated 
circuits. 


The RFD8P05 is supplied in the JEDEC TO-251 AA plastic 
package and the RFD8P05SM in the TO-252AA plastic 
package. 
The 
RFP8P05 
is 
supplied 
in 
the 
JEDEC 
TO-220AB plastic package. 


RFD8P05/05SM 
RFP8P05 
P-Channel Enhancement Mode Power 
Field Effect Transistors {MegaFETs} 


TO-220AB 
TOP VIEW 
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Terminal Diagram 
P-CHANNEL ENHANCEMENT MODE 


Absolute Maximum Ratings (TC "" 250C), Unless Otherwise Specified 


Drain-Source 
Voltage, VOSS 
-50V 
Drain-Gate 
Voltage, (AGS = 1MOl, VOGA 
-50V 
Gate-Source 
Voltage, VGS •......•...........................•...........•...•...........•.........................•.. 
±20V 
Drain Current: 


AMS Continuous, 
10 .......................................................•.......•.......•.....•.....••.....••...... 
-8A 
Pulsed, 10M ..............•............•....•....••...............•••................................................ 
-20A 
Avalanche Current, IAS ........................•....••............•••••.....•..•................................. 
See Figure 2 
Power Dissipation, 
PO: 


TC = +250C 
.....................................•••............••••....................•........••.....•........... 
40W 
Derate Above TC = +250C 
.......................................•.••.•.....................................•... 
O.27WfOC 
Operating 
and Storage Junction 
Temperature 
Aange, TJ, TSTG ..................•.....................••..............•...............•••.... 
-550C to +1750C 


~ 
....w 
w 
••• 


zCl) 
ZCl 
c:E 
:%:a: 
Yw 
'~ 
Cl.C1 
Cl. 


LIMITS 


CHARACTERISTICS 
SYMBOLS 
TEST CONDITIONS 
MIN 
MAX. 
UNITS 


Drain-Source 
Breakdown 
Voltage 
BVOSS 
10 = 0.25 mA, VGS = OV 
-50 
- 
V 


Gate Threshold Voltage 
VGSlthl 
VGS = VOS, 10 = 0.25 mA 
-2 
-4 
V 


Zero Gate Voltage Drain Current 
lOSS 
VOS = -40V, VGS = OV 
- 
1 
pA 


TC=1500C 
50 
pA 


Gate-Source 
Leakage Current 
IGSS 
VGS = ± 20V, VOS = OV 
- 
100 
nA 


Static Drain-Source 
on Resistance 
rOS(onl 
10 = 8A, VGS = -10V 
- 
0.300 
0 


Turn-On 
Time 
!fon) 
VOO = -25V,10 
= 4A 
- 
60 
ns 


Turn-On 
Delay Time 
!dlonl 
Ig1 = Ig2 = 0.2A 
- 
16 (typ) 
ns 
VGS (clamp): -1 OV, +0.6V 
RiseTime 
tr 
RL=6.250 
- 
30 (typ) 
ns 


Turn-Off 
OelayTime 
!d(offl 
(See Figure 12) 
- 
42 (typ) 
ns 


Fall Time 
tf 
20 (typ) 
ns 


Turn-Off 
Time 
!foff) 
- 
100 
ns 


Total Gate Charge 
Onltotal\ 
VGS = Oto -20V 
VOO=-40V 
- 
80 
nC 


Gate Charge at -1 OV 
Oal-10Vl 
VGS=Oto-10V 
ID=8A 
- 
40 
nC 


Threshold 
Gate Charge 
Onlthl 
VGS=Oto-2V 
RL=50 
- 
2 
nC 


Plateau Voltage 
Vlalateau) 
10 =8A, VOS=-15V 
- 
-8 
V 


Turn-Off 
Energy Loss per Cycle 
Eoff 
VDO = -25V, 10 = 4A, RL = 6.250 
- 
8 
IIJ 
L = 0.211H,lg1 = Ig2 = 0.2A 
VGS (clam a): -1 OV, +0.6V 


Thermal Resistance, Junction to Case 
RSJC 
- 
3.125 
°C/W 


Thermal Resistance, Junction to Am bient 
RaJA 
TO-220AB 
- 
80 
°C/W 


TO-251M, 
TO-252M 
- 
100 
°C/W 


LIMITS 


CHARACTERISTICS 
SYMBOLS 
TEST CONDITIONS 
MIN 
MAX. 
UNITS 


Diode Forward Voltage 
VSO 
ISO=8A 
- 
1.5 
V 


Reverse Recovery Time 
lrr 
ISO = 8A, dlSO/dt 
= 100A/IIS 
- 
125 
ns 
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Figure 1 - Safe operating area curve. (Curves must be derated linearly 
with increase in temperature.) 


Figure 2 - Unclamped inductive-switching 
safe-operating-area 
curve. 
(Single pulse UIS SOA). See Figure 13 for test circuit. 


10 
1.2 


'" 
<n 
W 
1.0 
::0 
8 
-' 
a: 
n.~-' 
0.8 
" 
6 
i' 
~ 
~ 
~ 
ffi 
g: 
'" 
;n 
g; 
u 
<n 
0.4 
z 
C 


a: 
~ 
'" 
0.2 
CJ 


0 
0.0 
25 
50 
75 
100 
125 
150 
176 
0 
25 
50 
75 
100 
125 
150 
176 


CASE TEflPERATURE 
(Te) 
- 
dogC 
ICXII'OO 
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Figure 5 - Typical saturation characteristics. 
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Figure 6 - Typical transfer characteristics. 
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Figure 7 - Normalized rDS(on) vs junction 
temperature 
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Figure 8 - Normalized gate threshold 
voltage. 


~ 
...J 
WO 
u> 
'"~~1.51-----1-----+-----1-------1-----1 


• 
m 
om 
•... .., 
,>~e 


~ w ,.Ob======+----~===~F====r==~--I 
0'"a: 
0 •... 
W...J 
NO 
•...> 
...J 
~~0.51-----I-----!------I------1------1 
00 
z>o:a: 
w::i 


i 
\\ 
'~ 
-- -- - - -- -- -- -- 


-." .'. 


\ 
"-.- .-. 
\ 
.-. _.- 
-- 


B'IO:JlI'OO 
Figure 9 - Normalized drain source breakdown 
voltage vs temperature. 


O.OL-----'-----.L-- 
__ -L 
.L 
---.J 
-50 
0 
50 
100 
150 
200 


IUNCTION 
TEHPERnTURE 
<T J ) 
dogC 


-5 
-10 
-15 
-20 


SOURCE-T0-DRAIN 
VOLTAGE 
Wsdl-V 


Figure 10 - Typical capacitance 
vs voltage. 
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RFMSPOS/SP10 
RFPSPOS/SP10 
P-Channel Enhancement-Mode 
Power Field-Effect Transistors 


mHARRIS 


• -SA, -SOV and -100V 


• rDSeon)= 0.40 


• SOA is Power-Dissipation 
Limited 


• Nanosecond Switching Speeds 


• Linear Transfer Characteristics 


• High Input Impedance 


• Majority Carrier Device 


DRAIN 


SOU~LANGE)o 
GATE 


Description 


The RFM8P08 and RFM8P10 and the RFP8P08 and 
RFP8P10 are p-channel enhancement-mode silicon gate 
power field-effect transistors designed for applications 
such as switching regulators, switching converters, relay 
drivers, and drivers for high-power 
bipolar switching 
transistors requiring high speed and low gate-drive power. 
These types can be operated directly from integrated 
circuits. 


The RFM series types 
are supplied 
in 
the JEDEC 
TO-204M 
steel package and the RFP series types in the 


JEDEC TO-220AB plastic package. 


Terminal Diagram 


P-CHANNEL 
ENHANCEMENT 
MODE 


Drain-Source Voltage 
VOS 
Drain-Gate Voltage (RGS = 1mO) .....••..... 
VOGR 
Continuous Drain Current 
RMS Continuous ...••....................... 
10 
Pulsed Drain Current. ......•................ 
10M 
Gate-Source Voltage ...................•.... 
VGS 
Maximum Power Dissipation 
TC=+250C 
PO 
Above TC = +250C, Derate Linearly 
. 
Operating and Storage Junction 
TJ. TSTG 
Temperature Range 


RFM8P08 
RFM8P10 


-80 
-100 
-80 
-100 


8 
8 
20 
20 
±20 
±20 


100 
100 
0.8 
0.8 
-55to+150 
-55to+150 


RFP8P10 


-100 
-100 


UNITS 


V 
V 


75 
0.6 
-55to+150 


75 
0.6 


-55 to +150 


W 
WloC 
°c 


LIMITS 


CHARACTERISTICS 
SYMBOL 
TEST 
RFM8P08 
RFM8P10 
UNITS 
CONDITIONS 
RFP8P08 
RFP8P10 
MIN. 
MAX. 
MIN. 
MAX. 
Drain-Source Breakdown Voltage 
BVoss 
10=1 mA 
-80 
- 
-100 
- 
V 


VGs=O 
Gate Threshold Voltage 
VGs(th) 
VGs=Vos 
-2 
-4 
-2 
-4 
V 


10=1 mA 
Zero Gate Voltage Drain Current 
loss 
Vos=-65 V 
- 
1 
- 
- 


Vos=-80 V 
- 
- 
- 
1 
Tc=125°C 
IlA 
Vos=-65 V 
- 
50 
- 
- 
Vos=-80 V 
- 
- 
- 
50 
Gate-Source Leakage Current 
IGSS 
VGs=±20 V 
- 
100 
- 
100 
nA 
Vos=O 
Drain-Source On Voltage 
Vos(on)a 
10=4 A 
- 
-1.6 
- 
-1.6 
VGs=-10V 
V 


10=8 A 
- 
-4.0 
- 
-4.0 
VGs=-10V 
Static Drain-Source On Resistance 
ros(on)" 
10=4 A 
- 
.4 
- 
.4 
0 
VGs=-10V 
Forward Transconductance 
g••a 
Vos=-10 V 
2 
- 
2 
- 
mho 


10=4 A 
Input Capacitance 
Ciss 
Vos=25V 
- 
1500 
- 
1500 
Output Capacitance 
C••• 
VGs=OV 
- 
700 
- 
700 
pF 
Reverse Transfer Capacitance 
C••• 
f = 1MHz 
- 
300 
- 
300 
Turn-On Delay Time 
td(on) 
Voo = 50 V 
18(typ) 
60 
18(typ) 
60 
Rise Time 
t, 
10=4 A 
70ltyp) 
150 
70ltyp) 
150 
ns 
Turn-Off 
Delay Time 
to(off) 
Rga"=Rgs=500 
166(typ) 
275 
166(typ) 
275 
Fall Time 
tf 
VGs=-10V 
94(typ) 
175 
94(typ) 
175 
Thermal Resistance 
RIIJC 
RFM8POe, 
- 
1.25 
- 
1.25 
Junction-to-Case 
RFM8P10 
RFP8P08, 
- 
1.67 
- 
1.67 
°C/W 


RFP8P10 


LIMITS 


CHARACTERISTIC 
SYMBOL 
TEST 
RFM8P08 
RFM8P10 
UNITS 
CONDITIONS 
RFP8P08 
RFP8P10 
Min. 
I 
Max. 
Min. 
I 
Max. 


Diode Forward Voltage 
Vso 
Iso = 4A 
- 
I 
1.4 
- 
I 
1.4 
V 


Reverse Recovery Time 
tn 
IF - 4A 
200(typ.) 
200(typ.) 
ns 
dlF/d, = 100A/IlS 
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Fig. 3 - 
Typical normalized gate threshold voltage as a function 
of junction 
temperature for all types. 


'" 
uz 


~ 
0.3 
:. 
~ 
E 
z ~ 
o 
I 
~ ":::'"0.2 
~~ 
o 
~*~ 
z 
0.1 


~ 


VGS·IOV 
PULSE 
TEST 
PULSE DURATION -eo p.S 
DUTY CYCLE:s 2 % 


6 
8 
10 
12 
14 
16 
18 
20 


DRAIN 
CURRENT 
(10)-A 


92CS-:51IS3 
Fig. 8 - 
Typical drain-to-source on resistance as a function 
of drain current for all types. 
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Fig. 10 - 
Typical forward transconductance as a function 
of drain current for all types. 
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Fig. 7 - 
Typical saturation characteristics for all types. 


10 
20 
30 
40 
50 
60 
70 
DRAIN-TO-SOURCE 
VOLTAGE (Vosl-V 


92CS-37154 


1- - 
- 
- 
- - ;-0;-' 
I 
I 
I 
I 
I 
I 


1 


1 
'--------_..-! 


RFM1 OP12/1 OP15 
RFP1 OP12/1 OP15 
P-Channel Enhancement-Mode 
Power Field-Effect Transistors 


mHARRIS 


• -lOA, -120V and -150V 


• rDS(on) = 0.50 


• SOA is Power-Dissipation 
Limited 


• Nanosecond Switching Speeds 


• Linear Transfer Characteristics 


• High Input Impedance 


• Majority Carrier Device 


DRAIN 
SOU~LANGE)o 
GATE 


Description 


The RFM10P12 and RFM10P15 and the RFP10P12 and 
RFP10P15 are p-channel enhancement-mode silicon gate 
power field-effect 
transistors designed for applications 
such as switching regulators, switching converters, motor 
drivers, relay drivers, and drivers for high-power bipolar 
switching transistors requiring high speed and low gate- 
drive power. These types can be operated directly from 
integrated circuits. 


The 
RFM 
series types 
are 
supplied 
in the 
JEDEC 
TO-204M 
steel package and the RFP series types in the 
JEDEC TO-220AB plastic package. 
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Terminal Diagram 


P-CHANNEL 
ENHANCEMENT 
MODE 


RFM10P12 
RFM10P15 
RFP10P12 
RFP10P15 


Drain-Source Voltage. . . . . •• . . . . • . . • . . . . • •• •• VOS 
-120 
-150 
-120 
-150 
Drain-Gate Voltage (RGS = 1mO) ..••........ 
VOGR 
-120 
-150 
-120 
-150 
Continuous Drain Current 
RMS Continuous 
..........•......•.......... 
10 
10 
10 
10 
10 
Pulsed Drain Current. .......••...•••••...... 
10M 
30 
30 
30 
30 
Gate-Source Voltage 
........................ 
VGS 
±20 
±20 
±20 
±20 
Maximum Power Dissipation 
TC = +250C .......••....•••......•......... 
Po 
100 
100 
75 
75 
Above TC = +250C, Derate Linearly ..••.......•. 
0.8 
0.8 
0.6 
0.6 
Operating and Storage Junction ........... 
TJ, TSTG 
-55to+150 
-55to+150 
-55 to +150 
-55to+15O 
Temperature Range 


UNITS 


V 
V 


W 
WloC 
°C 


LIMITS 


TEST 
RFM10P12 
RFM10P15 


CHARACTERISTIC 
SYMBOL 
CONDITIONS 
RFP10P12 
RFP10P15 
UNITS 


MIN. 
MAX. 
MIN. 
MAX. 


Drain-Source 
Breakdown 
BVoss 
10 = 1 mA 
-120 
- 
-150 
- 
V 


Voltage 
VGs = 0 


Gate-Threshold 
Voltage 
VGSlth) 
VGS = Vos 
-2 
-4 
-2 
-4 
V 


10= 1 mA 


Zero-Gate 
Voltage 
Drain 
loss 
Vos = -100 
V 
- 
1 
- 
- 


Current 
Vos=-120V 
- 
- 
- 
1 


Tc = 125°C 
IJA 


Vos = -100 
V 
- 
50 
- 
- 


Vos = -120 
V 
- 
- 
- 
50 


Gate-Source 
Leakage 
Current 
IGss 
VGS = ±20 
V 
- 
100 
- 
100 
nA 


Vos = 0 


Drain-Source 
On Voltage 
VOSlon,a 
10 = 5 A 
- 
-2.5 
- 
-2.5 


VGs=-10V 
V 
10 = 10A 
- 
-6.0 
- 
-6.0 


VGs=-10V 


Static 
Drain-Source 
On 
roslon,a 
10 = 5 A 
- 
0.5 
- 
0.5 
n 


Resistance 
VGs=-10V 


Forward 
Transconductance 
g,.a 
Vos=-10V 
2 
- 
2 
- 
mho 


10 = 5 A 


Input 
Capacitance 
Ciss 
Vos = -25 V 
- 
1700 
- 
1700 


Output 
Capacitance 
Coss 
VGS = 0 V 
- 
600 
- 
600 
pF 


Reverse 
Transfer 
Capacitance 
erss 
f = 1 MHz 
- 
350 
- 
350 


Turn-On 
Delay 
Time 
tdlOnJ 
Vos = -75 V 
24(typ) 
50 
24(typ) 
50 


Rise Time 
t, 
10 = 5 A 
74(typ) 
150 
74(typ) 
150 
ns 


Turn-Off 
Delay 
Time 
tdloffl 
Roen = Ro• = 50 n 
138(typ) 
225 
138(typ) 
225 


Fall Time 
tf 
VGs=-10V 
61(typ) 
100 
61(typ) 
100 


Thermal 
Resistance 
RBJC 
RFM10P12, 
- 
1.25 
- 
1.25 
Junction-to-Case 
RFM10P15 
°C/W 
RFP10P12, 
- 
1.67 
- 
1.67 
RFP10P15 


LIMITS 


RFM10P12 
RFM10P15 
CHARACTERISTIC 
SYMBOL 
TEST CONDITIONS 
RFP10P12 
RFP10P15 
UNITS 


MIN. 
MAX. 
MIN. 
MAX. 


Diode 
Forward 
Voltage 
Vsoa 
Iso = 5A 
- 
1.4 
- 
1.4 
V 


Reverse 
Recovery 
Time 
t" 
IF = 4A, 
dIF/d. 
= 100 Alps 
210 (typ.) 
210 (typ.) 
ns 
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Fig. 2 - Power dissipation 
vs. case temperature 
derating 
curve for 
all types. 
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Fig. 4 - Normalized 
drain-to-source 
on resistance 
as as function 
of junction 
temperature 
for all types. 
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Fig. 3 - Typical normalized 
gate threshold 
voltage as a function 
of 
junction 
temperature 
for all types. 
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Fig. 8 - Typical drain-to-source 
on resistance as a function 
of 
drain current for all types. 
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Fig. 10 - Typical forward transconductance 
as a function 
of drain 
currant for all types. 
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Fig. 9 - Capacitance as a function 
of drain-to-source 
voltage for 
all types. 
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RFM12POS/12P10 
RFP12POS/12P10 
P-Channel Enhancement-Mode 
Power Field-Effect Transistors 


mlHARRIS 


Features 


• -12A, -80V and -100V 


• rDS(on) = 0.30 


• SOA is Power-Dissipation 
Limited 


• Nanosecond Switching Speeds 


• Linear Transfer Characteristics 


• High Input Impedance 


• Majority Carrier Device 


TO-204AA 
BonOMVIEW 


DRAIN 
SOU~LANGE)o 
GATE 


Description 


The 
RFM12P08 
and 
RFM12P10 
and the 
RFP12P08 
and 
RFP12P10 
are p-channel 
enhancement-mode 
silicon 
gate 
power 
field-effect 
transistors 
designed 
for 
applications 
such 
as switching 
regulators, 
switching 
converters, 
motor 
drivers, 
relay 
drivers, 
and 
drivers 
for 
high-power 
bipolar 
switching 
transistors 
requiring 
high 
speed 
and 
low 
gate- 


drive 
power. 
These 
types 
can 
be 
operated 
directly 
from 
integrated 
circuits. 


The 
RFM 
series 
types 
are 
supplied 
in 
the 
JEDEC 
TO-204M 
steel package 
and the RFP series 
types 
in the 
JEDEC 
TO-220AB 
plastic 
package. 


DRAIN §[) 
(FLA~GE) 0 
~~~:~~I~CE 
~ 
_~:::::::~>-GATE 


Terminal Diagram 


P-CHANNEL 
ENHANCEMENT 
MODE 


RFM12P08 
RFM12Pl0 
RFP12P08 
RFP12Pl0 


Drain-Source Voltage. . . . . . . . . . . . . . . . . . . . . . .. 
VDS 
-80 
-100 
-80 
-100 
Drain-Gate Voltage (RGS = 1mO) ............ 
VDGR 
-80 
-100 
-80 
-100 
Continuous Drain Current 
RMS Continuous ............................ 
10 
12 
12 
12 
12 
Pulsed Drain Current ........................ 
10M 
30 
30 
30 
30 
Gate-Source Vo~age ........................ 
VGS 
±20 
±20 
±20 
±20 
Maximum Power Dissipation 
TC = +250C ................................ 
Po 
100 
100 
75 
75 
Above TC = +250C, Derate Linearly ............. 
0.8 
0.8 
0.6 
0.6 
Operating and Storage Junction ........... 
TJ, TSTG 
-55to+150 
-55 to +150 
-55to+150 
-55to 
+150 
Temperature Range 


UNITS 


V 
V 


LIMITS 


CHARACTERISTICS 
SYMBOL 
TEST 
RFM12P08 
RFM12P10 
UNITS 
CONDITIONS 
RFP12P08 
RFP12P10 


MIN. 
MAX. 
MIN. 
MAX. 


Drain-Source 
Breakdown 
Voltage 
BVoss 
10=1 mA 
-80 
- 
-100 
- 
V 


VGs=O 


Gate 
Threshold 
Voltage 
VGs(th) 
VGs=Vos 
-2 
-4 
-2 
-4 
V 


10=1 mA 


Zero 
Gate 
Voltage 
Drain 
Current 
loss 
Vos=-65 
V 
- 
1 
- 
- 


Vos=-80 
V 
- 
- 
- 
1 


Tc=125°C 
IJA 


Vos=-65 
V 
- 
50 
- 
- 


Vos=-80 
V 
- 
- 
- 
50 
--- 
Gate-Source 
Leakage 
Current 
IGss 
VGs=±20 
V 
- 
100 
- 
100 
nA 


Vos=O 


Drain-Source 
On Voltage 
Vos(on)a 
10=6 A 
- 
-1.8 
- 
-1.8 


VGs=-10 V 
V 


10=12 A 
- 
-4.8 
- 
-4.8 


VGs=-10 V 


Static 
Drain-Source 
On Resistance 
ros(on)a 
10=6 A 
- 
.3 
- 
.3 
0 


VGs=-10V 


Forward 
Transconductance 
gfsa 
Vos=-10V 
2 
- 
2 
- 
mho 


10=6 A 


Input 
Capacitance 
Ciss 
Vos=-25 
V 
- 
1500 
- 
1500 


Output 
Capacitance 
Coss 
VGs=O V 
- 
700 
- 
700 
pF 


Reverse 
Transfer 
Capacitance 
erss 
f = 1MHz 
- 
300 
- 
300 


Turn-On 
Delay 
Time 
td(on) 
Voo=50 V 
18(typ) 
60 
18(typ) 
60 
Rise Time 
t, 
10=6 A 
90(typ) 
175 
90(typ) 
175 
ns 


Turn-Off 
Delay 
Time 
td(off) 
Rgeo= Rgs=50 0 
144(typ) 
275 
144(typ) 
275 
Fall Time 
tf 
VGs=-10V 
94(typ) 
175 
94(typ) 
175 


Thermal 
Resistance 
RBJc 
RFM12P08, 
- 
1.25 
- 
1.25 
Junction-to-Case 
RFM12P10 


RFP12P08, 
- 
1.67 
- 
1.67 
°C/W 


RFP12P10 


LIMITS 


CHARACTERISTIC 
SYMBOL 
TEST 
RFM12P08 
RFM12P10 
UNITS 
CONDITIONS 
RFP12P08 
RFP12P10 


MIN. 
I 
MAX. 
MIN. 
I 
MAX. 


Diode 
Forward 
Voltage 
Vso 
Iso-6 
A 
- 
I 
1.4 
- 
I 
1.4 
V 


Reverse 
Recovery 
Time 
t" 
IF-4 
A 
200(typ) 
200(typ) 
ns 
dIF/d,=100 
A/lJs 


{!! 
...• w 
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Uw 
d.at 
C 
a.. 


1008 
CASE 
TEMPERATURE 
(TC) 
= 25°C 


(CURVES. 
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IN 


<4 TEMPERATURE) 
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Fig. 3 - 
Typical normalized gate threshold voltage as a function 
of junction 
temperature for all types. 
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JUNCTION TEMPERATURE(TJ)-OC 


92C5-37108 


Fig. 
4 - 
Normalized 
drain-to-source 
on resistance 
as a function 
of junctIOn temperature for all types. 


Fig 
8 - 
Typical 
dram-la-source 
on resistance 
as a function 


of drain 
current 
for all types. 
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Fig 
10 - 
Typical 
forward 
transconductance 
as a function 
of drain 
current 
for all types. 
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;m HARRIS 
RFD15P05/05SM 


RFP15P05 


P-Channel 
Enhancement 
Mode Power 


Field Effect Transistors 
{MegaFETs} 


• -15A, -50V 


• rDS(on) = 0.150 () 


• UIS SOA Rating Curve (Single Pulse) 


• SOA is Power-Dissipation 
Limited 


• Nanosecond Switching Speeds 


• Linear Transfer Characteristics 


TO-220AB 
TOP VIEW 


ORAIN~ 
(FlALlSLF::~~:~: 
~~~CE 


Description 


The RFD15P05, RFD15P05SM and RFP15P05 p-channel 
power MOSFETs are manufactured using the MegaFET 
process. 
This 
process, 
which 
uses 
feature 
sizes 


approaching those of LSIintegrated circuits, gives optimum 
utilization of silicon, resulting in outstanding performance. 
They were designed for use in applications such as 
switching regulators, sWitching converters, motor drivers, 
relay drivers, and emitter switches for bipolar transistors. 
These transistors can be operated directly from integrated 
circuits. 


nD~ : 
SOORAJURNCE 


0'i~~_~ 
~:::~:_ 
-=:_-=:_-=:::::~ GATE 


The RFD15P05 is supplied in the JEDECTO-251M 
plastic 
package and the RFD15P05SM in the TO-252M 
plastic 
package. The 
RFP15P05 is 
supplied 
in the JEDEC 
TO-220AB plastic package. 
Terminal Diagram 
P-CHANNEL 
ENHANCEMENT MODE 


Absolute Maximum Ratings (TC = 250C), Unless Otherwise Specified 


Drain-Source 
Voltage, VOSS ••....••.......•••.......•...••.........••••.......••......•................................ 
-50V 


Drain-Gate 
Voltage, (RGS = 1MOl, VOGR ................••...........•••••.......•••...•.•....•....••....••............. 
-50V 


Gate-Source 
Voltage, VGS 
.••.................................................................................••••.... 
±20V 


Drain Current: 


RMS Continuous, 
10 ..........•..............................................................•..........••...••••..•. 
-15A 


Pulsed, 10M .........................................................................••.•...•••..........•••...•••... 
-40A 


Avalanche Current, IAS .....................................................••......••...•••....•••..•.•....••••. 
See Figure 2 


Power Dissipation, 
PO: 


TC = +250C 
..................•..............................................•...•.................................. 
BOW 


Derate Above TC = +250C 
..........................................•.•.....................•.....•.....••..... 
O.533WjOC 


Operating 
and Storage Junction 
Temperature 
Range,TJ, TSTG ..•.•...................•..••.•...................•.•....•••....•...........••. 
-550Cto+1750C 


LIMITS 


CHARACTERISTICS 
SYMBOLS 
TEST CONDITIONS 
MIN 
MAX. 
UNITS 


Drain-Source Breakdown Voltage 
BVOSS 
10= 0.25 mA, VGS = OV 
-50 
- 
V 


Gate Threshold Voltage 
VGSlthl 
VGS = VOS, 10= 0.25 mA 
-2 
-4 
V 


Zero Gate Voltage Drain Current 
lOSS 
VOS = -40V, VGS = OV 
- 
1 
flA 


TC=1500C 
50 
flA 


Gale-Source Leakage Current 
IGSS 
VGS = ± 20V, VOS = OV 
- 
100 
nA 


Static Drain-Source on Resistance 
rOSlonl 
10= 15A,VGS=-10V 
- 
0.150 
0 


Turn-On Time 
'<onI 
VOO = -25V,10 = 7.5A 
- 
60 
ns 


Turn-On Delay Time 
'dlonl 
Igl = Ig2 = O.4A 
- 
16 (typ) 
ns 


Rise Time 
tr 
VGS (clamp): -10V, +0.6V 
- 
30 (typ) 
ns 
RL=3.30 


Turn-Off Delay Time 
'dloffi 
(See Figure 12) 
- 
50 (Iyp) 
ns 


Fall Time 
If 
20 (Iyp) 
ns 


Turn-Off Time 
lfoff\ 
- 
100 
ns 


Total Gate Charge 
°altotall 
VGS = 0 to -20V 
VOO=-40V 
- 
150 
nC 


Gate Charge at -1 OV 
°a(-10VI 
VGS=OtO-l0V 
10= 15A 
- 
75 
nC 


Threshold Gate Charge 
Oalth\ 
VGS=Oto-2V 
RL=2.670 
- 
3.5 
nC 


Plateau Voltage 
Vlolateaul 
10= 15A, VOS = -15V 
- 
-8 
V 


Turn-Off Energy Loss per Cycle 
Eoff 
VOO = -25V, 10 = 7.5A, RL = 3.330 
- 
17 
~J 
L = 0.2~H, Igl = Ig2 = O.4A 
VGS (clamp): -1 OV,+0.6V 


Thermal Resistance, Junction to Case 
ReJC 
TO-220AB, TO-251 M, TO-252M 
- 
1.875 
°C/W 


Thermal Resistance, Junction 10Ambient 
RaJA 
TO-251M, 
TO-252M 
- 
100 
°C/W 


TO-220AB 
- 
80 
°C/W 
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CHARACTERISTICS 
SYMBOLS 
TEST CONDITIONS 
MIN 
MAX. 
UNITS 


Diode Forward Voltage 
VSO 
ISO = 15A 
- 
1.5 
V 


Reverse Recovery Time 
Irr 
ISO = 15A, dlSO/dt = 1OON~s 
- 
125 
ns 
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Figure 1 - Safe operating area curve. (Curves must be derated linearly 
with increase in temperature.) 
Figure 2 - Unclamped inductive-switching 
safe-operating-area 
curve. 


(Sing/e pulse VIS SOA). See Figure 13 for test circuit. 
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vs voltage. 
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Figure 9 - Normalized drain source breakdown 
voltage vs temperature. 
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m HARRIS 
RFH25POS/25P10 
RFK25POS/25P10 
P-Channel Enhancement-Mode 
Power Field-Effect Transistors 


Features 


• -25A, -100V and -80V 


• rDSlon) = 0.150. 


• SOA is Power-Dissipation 
Limited 


• Nanosecond Switching Speeds 


• Linear Transfer Characteristics 


TO-218AC 
TOP VIEW 
D"ceil 


• High Input Impedance 


• Majority Carrier Device 


Description 


The RFH25P08 and RFH25Pl0 and the RFK25P08 and 
RFK25Pl0 are p-channel enhancement-mode silicon gate 
power field-effect 
transistors designed for applications 
such as switching regulators, sWitching converters, motor 
drivers, relay drivers, and drivers for high-power bipolar 
switching transistors requiring high speed and low gate- 
drive power. These types can be operated directly from 
integrated circuits. 


The 
RFH series types 
are 
supplied 
in the 
JEDEC 
TO-218AC plastic package and the RFKseriestypes in the 
JEDEC TO-204AE steel package. 


DRAIN 
SOU~LANGE)o 
GATE 


Terminal Diagram 


P-CHANNEL 
ENHANCEMENT 
MODE 


RFH25P08 
RFH25Pl0 
RFK25P08 
RFK25Pl0 


Drain-Source 
Voltage •...••.....••.•......... 
VDS 
-80 
-100 
-80 
-100 
Drain-Gate 
Voltage (RGS = 1mO) •••••..•.••. 
VDGR 
-80 
-100 
-80 
-100 
Continuous 
Drain Current 
RMS Continuous 
....••...••••..••••••.....•• 
10 
-25 
-25 
-25 
-25 
Pulsed Drain Current. 
••..•.•••....••........ 
10M 
-60 
-60 
-60 
-60 
Gate-Source 
Voltage 
.•••....•••.....•••••... 
VGS 
±20 
±20 
±20 
±20 
Maximum Power Dissipation 
TC = +250C 
...••.•..••••...•••....•.•••••.• 
Po 
150 
150 
150 
150 
Above TC = +250C, Derate Linearly ............. 
1.2 
1.2 
1.2 
1.2 
Operating 
and Storage Junction 
........... 
TJ' TSTG 
-55to+150 
-55to+150 
-55to+150 
-55to+1OO 
Temperature 
Range 


UNITS 


V 
V 


W 
WloC 
°C 


~ 
........ 
•... ... 
zU) 
zc> 
<:IE 
::Ca:: 
u ••.• 
d.~ 


C> 
D.. 


LIMITS 
, 
RFH25P08 
RFH25P10 


TEST 
RFK25P08 
RFK25P10 


CHARACTERISTIC 
SYMBOLS 
CONDITIONS 
MIN. 
MAX. 
MIN. 
MAX. 
UNITS 


Drain-Source Breakdown Voltage 
BVOSS 
10 = 1.0mA, VGS= 0 
-80 
- 
-100 
- 
V 


Gate Threshold Voltage 
VGS(th) 
VGS =VOS,IO = 1mA 
-2 
-4 
-2 
-4 
V 


Zero-Gate Voltage Drain Current 
lOSS 
VOS =-65V 
- 
-1 
- 
- 


"" 
VOS =-80V 
- 
- 
- 
-1 
IlA 


TC = 1250C 


VOS=-65V 
- 
-50 
- 
- 
"" 
VOS=-80V 
- 
- 
- 
-50 
"" 
Gate-Source Leakage Current 
'GSS 
VGS = ±20V, VOS = 0 
- 
100 
- 
100 
nA 


Drain-Source On-Voltage 
VOS(on)' 
10= 12.5A, VGS = -10V 
- 
-1.88 
- 
-1.88 
V 


10= 25A, VGS = -1 OV 
- 
-4.5 
- 
-4.5 
V 


Static Drain-Source On Resistance 
rOS(on" 
10 = 12.5A, VGS = -10V 
- 
0.15 
- 
0.15 
n 


Forward Transconductance 
gts' 
10 = 12.5A, VOS = -1 OV 
4 
- 
4 
- 
S(lJ) 


Input Capacitance 
CISS 
VGS = OV,VOS = -25V 
- 
3000 
- 
3000 
pF 
f=1MHz 
Output Capacitance 
Coss 
- 
1500 
- 
1500 
pF 


Reverse Transfer Capacitance 
CRSS 
- 
600 
- 
600 
pF 


Turn-On OelayTime 
td(on) 
10 = 12.5A, VOS = -50V 
35 (typ) 
50 
35 (typ) 
50 
ns 


Rise Time 
tr 
RGEN = RGS = 50n 
165 (typ) 
250 
165 (typ) 
250 
ns 
VGS=-10V 
Turn-Off Delay Time 
td(off) 
270 (typ) 
400 
270 (typ) 
400 
ns 


Fall Time 
tf 
165 (typ) 
250 
165 (typ) 
250 
ns 


Thermal Resistance Junction-to-Case 
RIlJC 
RFK25P08, RFK25P10 
- 
0.83 
- 
0.83 
°CIW 


LIMITS 


RFH25P08 
RFH25P10 


TEST 
RFK25P08 
RFK25Pl0 


CHARACTERISTIC 
SYMBOLS 
CONDITIONS 
MIN 
MAX 
MIN 
MAX 
UNITS 


Diode Forward Voltage 
VSO" 
Iso=-12.5A 
- 
1.4 
- 
1.4 
V 


Diode Reverse RecoveryTime 
trr 
IF=4A 
- 
300 (typ) 
- 
300 (typ) 
ns 
dlF/dt = 100NIlS 


68 
68 
68 
-10 
-100 
-1000 
ORAIN-TO-SOURCE 
VOLTAGE (VOSI-V 


92CS-38773RI 


Fig. 2 - Power dissipation 
vs. temperature 
derating curve for all 
types. 
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Fig. 4 - Normalized 
drain-to-source 
on resistance 
to junction 
temperature 
for all types. 
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Fig. 3 - Typical normalized gate threshold voltage as a function of 
junction 
temperature for all types. 
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Fig. 8 - Typical 
drain-to-source 
on resistance 
as a lunction 
of 
drain current for all types. 


4 
6 
e 
10 
12 
14 
16 
Ie 
20 
DRAIN-TO-SQURCE 
CURRENT 
(10 
I-A 
92C$-31248 


Fig. 10 - Typical forward transconductance 
as a function 
of drain 
current for all types. 
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Fig. 9 - Capacitance as a function 
of drain-to-source 
voltage for 


all types. 


m HARRIS 
RFG30P05 
RFP30P05 
P-Channel 
Enhancement 
Mode Power 
Field Effect Transistors 
(MegaFETs) 


• -30A, -50V 


• rOS(on) = 0.065 n 


• UIS SOA Rating Curve (Single Pulse) 


• SOA is Power-Oissipation 
Limited 


• Nanosecond Switching Speeds 


• Linear Transfer Characteristics 


• High Input Impedance 


• 1750C Operating Temperature 


Description 


The 
RFG30P05 
and 
RFP30P05 
p-channel 
power 


MOSFETsare manufactured using the MegaFETprocess. 
This process, which uses feature sizes approaching those 
of lSI 
integrated circuits, gives optimum utilization of 
silicon, resulting in outstanding performance. They were 
designed 
for 
use in 
applications 
such 
as switching 
regulators, switching 
converters, motor 
drivers, 
relay 
drivers, and emitter switches for bipolar transistors. These 
transistors can be operateddirectly from integratedcircuits. 


The RFG30P05 is supplied in the JEDEC TO-247 plastic 
package and the RFP30P05 in the TO-220AB 
plastic 
package. 


Terminal Diagram 


P-CHANNEL 
ENHANCEMENT 
MOOE 


Drain-Source 
Voltage, VOSS ................••••........................•.••......••.•.....•....•••.....•............... 
-50V 
Drain-Gate 
Voltage, (RGS = 1mOl, VDGR ......••....................................••.....••........................... 
-50V 
Gate-Source 
Voltage, VGS 
..•.•.................•..•.....•••••..•....................•......•....•••...•••....•....... 
±20V 
Drain Current 
RMS Continuous, 
10 •.......................•••••••.......•...............•.•....•••....•••...••••......•............ 
-30A 
Pulsed, 10M ........••...•••...........................•.••••••...............................•.......•......••...... 
-75A 
Single Pulse Avalanche 
Rating, Refer to UIS SOA Curve 
Power Dissipation, 
PO: 


TC = +250C 
..............•..........••........•.•..............•••......•.••••...••..........................••••• 
120W 
Derate Above TC = +250C 
........................•••••...............................•....••.•..••.....••....... 
O.8WfOC 
Operating 
and Storage Junction 
Temperature 
Range, TJ, TSTG ....••....................•.•..•.........•..............................•••....•.• 
-55 to + 175°C 


~ 
...• 
w 
w 
u.. 
z'" 
zO 
ce:E 
:1:0:: 
<'>w 
d.==o 
Q. 


LIMITS 


CHARACTERISTICS 
SYMBOLS 
TEST CONDITIONS 
MIN 
MAX. 
UNITS 


Orain-Source Breakdown Voltage 
BVOSS 
10= 0.25 mA, VGS = OV 
-50 
- 
V 


Gate Threshold Voltage 
VGSlth) 
VGS = VOS, '0 = 0.25 mA 
2 
4 
V 


Zero Gate Voltage Orain Current 
lOSS 
VOS = -40V, VGS = OV 
- 
1 
flA 


TC=1500C 
50 
flA 


Gate-Source Leakage Current 
IGSS 
VGS=±20V 
- 
100 
nA 


Static Orain-Source on Resistance 
rOSlon) 
10= 30A, VGS = -10V 
- 
0.0.65 
0 


Turn-On Time 
l(onl 
VOO = -25V,10 = 15A 
- 
80 
ns 


Turn-On OelayTime 
!d(on) 
Ig1 = Ig2 = 0.8A 
15(typ) 
- 
ns 


RiseTime 
tr 
VGS (clamp): -1 OV,+0.6V 
23 (typ) 
- 
ns 
RL = 1.670 


Turn-Off OelayTime 
!d(off) 
28 (typ) 
- 
ns 


Fall Time 
tf 
18 (typ) 
- 
ns 


Turn-Off Time 
l(off) 
- 
100 
ns 


Total Gate Charge 
Qoltotall 
VGS = 0 to -20V 
VOO=-40V 
- 
200 
nC 


Gate Charge at -1 OV 
Qol-10V) 
VGS=Oto-10V 
10= 40A 
- 
100 
nC 


Threshoid Gate Charge 
Qg(thl 
VGS=Oto-2V 
RL= 1.330 
- 
2 
nC 


Plateau Voltage 
V(olateaul 
10= 30A, VOS = -15V 
- 
-8 
V 


Turn-Off Energy Loss per Cycle 
Eoff 
VOO = -25V, 10 = 15A, RL = 1.670 
- 
75 
~J 
L = 0.2~H,lg1 = Ig2 = 0.8A 
VGS Iclamol: -1 OV,+0.6V 


Thermal Resistance, Junction to Case 
RaJC 
- 
1.25 
°C/W 


Thermal Resistance, Junction to Ambient 
RaJA 
- 
80 
°C/W 


LIMITS 


CHARACTERISTICS 
SYMBOLS 
TEST CONDITIONS 
MIN 
MAX. 
UNITS 


Oiode Forward Voltage 
VSO 
ISO=30A 
- 
1.5 
V 


Reverse Recovery Time 
Irr 
ISO = 30A, dlSO/dt = 1OON~s 
- 
150 
ns 
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co 


10.0 
"0 
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daoC 
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'I-.. 


\.--- - 
~nb. 
II 
II 


AR A 
IS 
LI 
IT a 
B 
R 
(on) 


Vd 
s 
MA '-5 
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Figure 1- Safe operating 
area curve. (Curves must be derated linearly 
with increase 
in temperature.) 
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Figure 2 - Unclamped 
inductive-switching 
safe-operating-area 
curve. 


(Single pulse UIS SOA). See Figure 13 for test circuit. 
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Figure 7 - Normalized on-state 
resistance vs 
junction 
temperature. 
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Figure 4 - Normalized power dissipation 
vs case temperature. 
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Figure 8 - Normalized gate threshold voltage vs junction 
temperature. 
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Figure 9 - Normalized 
drain 
source 
breakdown 
voltage 
vs 


junction 
temperature. 
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Figure 10 - Typical capacitance vs voltage. 
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Figure 11 - Normalized switching waveforms for constant gate current. 


(Refer to application notes AN-7254 and AN-7260.) 
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UIS Waveforms 


mlHARRIS 


• -30A, -60V 


• rDS(on) = 0.075 n 


• UIS SOA Rating Curve (Single Pulse) 


• SOA is Power-Dissipation 
Limited 


• Nanosecond Switching Speeds 


• Linear Transfer Characteristics 


• High Input Impedance 


• 1750C Operating Temperature 


Description 


The 
RFG30P06 
and 
RFP30P06 
p-channel 
power 
MOSFETsare manufactured using the MegaFETprocess. 
This process, which uses feature sizes approaching those 
of LSI integrated circuits, gives optimum utilization of 
silicon, resulting in outstanding performance. They were 
designed for 
use 
in 
applications such 
as switching 
regulators, switching 
converters, motor 
drivers, relay 
drivers, and emitter switches for bipolar transistors. These 
transistors can be operateddirectly from integratedcircuits. 


The RFG30P06 is supplied in the JEDEC TO-247 plastic 
package and the RFP30P06 in the TO-220AB 
plastic 
package. 


RFG30P06 
RFP30P06 
P-Channel Enhancement Mode Power 


Field Effect Transistors (MegaFETs) 


TO-220AB 
TOP VIEW 


DRAIN~ 
(FLAl:lSLf=:~~~i~~: 
~~~~CE 


TO-247 
TOP VIEW 
~1_~ 
t=- 
-==_-==_::::CE 


Terminal Diagram 
P-CHANNEL ENHANCEMENT MODE 


Absolute Maximum Ratings (TC = 250C), UnlessOtherwise Specified 


Drain-Source 
Voltage, VOSS .......•••.....•..•...............•.......•.••.•...•••••..•...•...•....................•.... 
-60V 


Drain-Gate 
Voltage, (RGS = 1ml1), VOGR ...•..•..•........................••...•..••...•......•..................•...•.. 
-60V 


Gate-Source 
Voltage, VGS ............••.....•...................................••..••.••...•.......................• 
±20V 


Drain Current 


RMS Continuous, 
10 ................•......•..•......•..........................•......•...•..•..•.•..............•.. 
-30A 


Pulsed,IOM 
••..••...••.....................•••••.....••••••.....•.••......................•.....••.•................ 
-75A 


Single Pulse Avalanche 
Rating, Refer to UIS SOA Curve 
Power Dissipation, 
PO: 


TC = +250C 
...••...........•....................•..••••.......................•.....••...•••..................•.•• 
135W 


Derate Above TC = +250C 
..............•••••.....••.•.•.•......................•.....••...•••................... 
O.9WfOC 
Operating 
and Storage Junction 
Temperature 
Range, TJ, TSTG .................•..••.....•.•••.•............•.••...•..•...........•............. 
-55 to +1750C 


LIMITS 


CHARACTERISTICS 
SYMBOLS 
TEST CONOITIONS 
MIN 
MAX. 
UNITS 


Orain-Source Breakdown Voltage 
BVOSS 
10 = 0.25 mA, VGS = OV 
-60 
- 
V 


Gate Threshold Voltage 
VGS(th) 
VGS = VOS, 10 = 0.25 mA 
-2 
-4 
V 


Zero Gate Voltage Orain Current 
lOSS 
VOS = -40V, VGS = OV 
- 
1 
fJA 


TC= 1500C 
50 
fJA 


Gate-Source Leakage Current 
IGSS 
VGS= ±20V 
- 
100 
nA 


Static Orain-Source on Resistance 
rOS(on) 
10 = 30A, VGS = -10V 
- 
0.075 
0 


Turn-On Time 
!(onl 
VOO = -30V,IO 
= 15A 
- 
60 
ns 


Turn-On OelayTime 
!dlon) 
Ig1 = Ig2 = 0.8A 
15 (typ) 
- 
ns 


Rise Time 
tr 
VGS (clamp): -1 OV,+0.6V 
23 (typ) 
- 
ns 
RL=2.00 


Turn-Off Oelay Time 
!dloffl 
28 (typ) 
- 
ns 


Fall Time 
tf 
18 (typ) 
- 
ns 


Turn-Off Time 
l(off) 
- 
100 
ns 


Total Gate Charge 
Qg(totall 
VGS = 0 to -20V 
VOO =-48V 
- 
200 
nC 


Gate Charge at -1 OV 
Qa(-10Vl 
VGS=Oto-10V 
10 = 30A 
- 
100 
nC 


Threshold Gate Charge 
Qa(th) 
VGS=Oto-2V 
RL= 1.60 
- 
7 
nC 


Plateau Voltage 
V(plateau) 
10 = 30A, VOS = -15V 
- 
-8 
V 


Turn-Off Energy Lass per Cycle 
Eoff 
VOO = -30V, 10 = 15A, RL = 2.00 
- 
75 
fJJ 
L = 0.2fJH,lg1 = Ig2 = 0.8A 
VGS (clamp): -1 OV,+0.6V 


Thermal Resistance, Junction ta Case 
RSJC 
- 
1.11 
oC/W 


Thermal Resistance, Junction to Ambient 
RSJA 
- 
80 
°C/W 
~ 
....... 
••• u.. 
zU> 
zC 
ce:E 
za: 
...... 
d.:i= 
C 
0.. 


LIMITS 


CHARACTERISTICS 
SYMBOLS 
TEST CONDITIONS 
MIN 
MAX. 
UNITS 


Oiode Forward Voltage 
VSO 
ISO = 30A 
- 
1.5 
V 


Reverse Recovery Time 
lrr 
ISO =30A,dISo/dt= 
100NfJs 
- 
150 
ns 
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Figure 1 - Safe operating area curve. (Curves must be derated linearly 
with increase in temperature.) 
Figure 2 - Unclamped inductive-switching 
safe-operating-area 
curve. 
(Single pulse VIS SOA). See Figure 13 for test circuit. 
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Figure 
3 - Maximum 
continuous 
drain 
current 
vs case 
temperature. 
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Figure 7 - Normalized on-state 
resistance vs 


junction 
temperature. 
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Figure 8 - Normalized gate threshold 
voltage vs junction 
temperature. 
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Figure 9 - Normalized drain source breakdown 
voltage vs 


junction 
temperature. 
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Figure 11 - Normalized switching wavetorms for constant gate current. 


(Refer to application notes AN-7254 
and AN-7260.) 
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mHARRIS 
RFG60P05E 
RFG60P06E 
P-Channel 
Enhancement-Mode 
Power 
Field-Effect 
Transistors 
{MegaFETs} 


Features 


• RFG60P05E = -60A, -50V, rDS(on) = 0.0260 


• RFG60P05E = -60A, -60V, rDS(on) = 0.0300 


• Electrostatic 
Discharge Rated 


• UIS SOA Rating Curve (Single Pulse) 


• SOA is Power-Dissipation 
Limited 


• Nanosecond Switching Speeds 


• Linear Transfer Characteristics 


• High Input Impedance 


• 1750C Operating Temperature 
Terminal Diagram 


P-CHANNEL 
ENHANCEMENT 
MODE 
Description 


The RFG60P05E and RFG60P06E p-channel ESD rated 
power MOSFETs are manufactured using the MegaFET 
process. 
This 
process, 
which 
uses 
feature 
sizes 
approaching those of LSIintegrated circuits, gives optimum 
utilization of silicon, resulting in outstanding performance. 
They were designed for use in applications such as 
switching regulators, switching converters, motor drivers, 
relay drivers, and emitter switches for bipolar transistors. 
These transistors can be operated directly from integrated 
circuits. 


The RFG60P05E and RFG60P06E are supplied in the 
JEDEC TO-247 plastic package. 


Drain-Source 
Voltage 
VOSS 
Drain-Gate 
Voltage (RGS = 1mO) .•..................................... 
VOGR 
Continuous 
Drain Current 
RMS Continuous 
..............................•.....•••••••............ 
10 
Pulsed Drain Current. 
..........................•.......•••••........... 
IOM 
Gate-Source 
Voltage 
VGS 
Electrostatic 
Discharge 
Rating 
......................•.........••••••..... 
ESO 
MIL-STO-883, 
Category 8(2) 
Single Pulse Avalanche 
Rating (Refer to UIS SOA Curve) 
Maximum Power Dissipation 
TC = +250C 
...............•......•••................•.........•....... 
Po 
Above TC = +250C, Derate Linearly 
.•...•............•..................... 
Operating 
and Storage Junction 
TJ, TSTG 
Temperature 
Range 


RFG60P05E 
RFG60P06E 
UNITS 


-50 
-60 
V 
-50 
-60 
V 


-60 
-60 
A 
-150 
-150 
A 
±20 
±20 
V 
2 
2 
KV 


190 
215 
W 
1.27 
1.43 
WloC 
-55 to +175 
-55 to +175 
°C 


~ 
....w 
w u. 
zU) 
zQ 
ce:E 
:ea: 
"'w 
cL3 
Q 
Q. 


LIMITS 


CHARACTERISTICS 
SYMBOLS 
TEST CONDITIONS 
MIN 
MAX. 
UNITS 


Drain-Source 
Breakdown Voltage 
BVOSS 
10= 0.25 mA, VGS = OV 
-50 
- 
V 


Gate Threshold Voltage 
VGS(th) 
VGS = VOS, 10= 0.25 mA 
-2 
-4 
V 


Zero Gate Voltage Drain Current 
lOSS 
VOS = -40V, VGS = OV 
- 
1 
!JA 


TC=1500C 
- 
50 
!JA 


Gate-Source Leakage Current 
IGSS 
VGS = ± 20V 
- 
100 
nA 


Static Drain-Source on Resistance 
rOSlon) 
10= 60A, VGS = -10V 
- 
0.026 
0 


Turn-On Time 
!jon) 
VOO = -25V,10 = 30A 
- 
125 
ns 


Turn-On Delay Time 
!dlon) 
Ig1 = Ig2 = 2.0A 
20 (lyp) 
- 
ns 


RiseTime 
lr 
VGS (clamp): -1 OV,+0.6V 
70 (lyp) 
- 
ns 
RL=0.830 
Turn-Off OelayTime 
!d(off) 
65 (lyp) 
- 
ns 


Fall Time 
tf 
20 (typ) 
- 
ns 


Turn-Off Time 
!joff) 
- 
125 
ns 


Total Gate Charge 
Qgllotall 
VGS = 0 to -20V 
VOO =-40V 
- 
450 
nC 


Gate Charge at -1 OV 
Qg(-10V) 
VGS=Oto-10V 
10=60A 
- 
225 
nC 


Threshold Gate Charge 
Qglth) 
VGS=Oto-2V 
RL = 0.670 
- 
15 
nC 


Plateau Voltage 
Vlolateau) 
10= 60A, VOS = -15V 
- 
-8 
V 


Turn-Off Energy Loss per Cycle 
Eoff 
VOO = -25V, 10 = 30A, RL = 0.830 
- 
300 
I'J 
L = 0.21'H,lg1 = Ig2 = 2.0A 
VGS (clarno): -1 OV,+0.6V 


Thermal Resistance, Junction to Case 
RaJC 
- 
0.79 
°C/W 


Thermal Resistance, Junction to Ambient 
RaJA 
- 
80 
°e/W 


LIMITS 


CHARACTERISTICS 
SYMBOLS 
TEST CONDITIONS 
MIN 
MAX. 
UNITS 


Diode Forward Voltage 
VSO 
ISD=60A 
- 
1.5 
V 


Reverse RecoveryTime 
trr 
ISO = 60A, dlSo/dt = 100NI's 
- 
200 
ns 


LIMITS 


CHARACTERISTICS 
SYMBOLS 
TEST CONDITIONS 
MIN 
MAX. 
UNITS 


Drain-Source 
Breakdown 
Voltage 
BVOSS 
10 = 0.25 mA, VGS = OV 
-60 
- 
V 


Gate Threshold Voltage 
VGS(th) 
VGS = VOS, 10 = 0.25 mA 
-2 
-4 
V 


Zero Gate Voltage Drain Current 
lOSS 
VOS = -48V, VGS = OV 
- 
1 
flA 


TC = 1500C 
- 
50 
flA 


Gate-Source 
Leakage Current 
IGSS 
VGS=±20V 
- 
100 
nA 


Static Drain-Source 
on Resistance 
rOS(on) 
10 = 60A, VGS = -10V 
- 
0.030 
0 


Turn-On 
Time 
lion) 
VOO = -30V, 10 = 30A 
- 
125 
ns 


Turn-On 
Delay Time 
!d(on) 
Ig1 = Ig2 = 2.0A 
20 (lyp) 
- 
ns 


RiseTime 
tr 
VGS (clamp): -10V, +0.6V 
60 (lyp) 
- 
ns 
RL = 1.00 


Turn-all 
Delay Time 
!d(oll) 
65 (typ) 
- 
ns 


Fall Time 
tf 
20 (lyp) 
- 
ns 


Turn-all 
Time 
lioll) 
- 
125 
ns 


Total Gate Charge 
Qartotal\ 
VGS = 0 to -20V 
VOO =-48V 
- 
450 
nC 


Gate Charge at -1 OV 
Qo(-10V) 
VGS=Oto-10V 
10 = 60A 
- 
225 
nC 


Threshold 
Gate Charge 
Qarth) 
VGS=Oto-2V 
RL=0.80 
- 
15 
nC 


Plateau Voltage 
V(olateau) 
10 = 60A, VOS = -15V 
- 
-8 
V 


Turn-all 
Energy Loss per Cycle 
Eoll 
VOO = -30V, 10 = 30A, RL = 1.00 
- 
300 
flJ 
L = 0.2flH,lg1 
= Ig2 = 2.0A 
VGS (clamo): -1 OV, +0.6V 


Thermal Resistance, Junction to Case 
ROJC 
- 
0.70 
°C/W 


Thermal Resistance,Junction 
to Ambient 
ROJA 
- 
80 
°C/W 


LIMITS 


CHARACTERISTICS 
SYMBOLS 
TEST CONDITIONS 
MIN 
MAX. 
UNITS 


Diode Forward Voltage 
VSO 
ISO = 60A 
- 
1.5 
V 


Reverse Recovery Time 
trr 
ISO = 60A, dlSO/dt = 100NflS 
- 
200 
ns 
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FIGURE 1. RFG60P05E - SAFE OPERATING AREA CURVE 
FIGURE 2. RFG60P06E - SAFE OPERATING AREA CURVE 
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If 
R-O 
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t-- 


If 
R-O 
I- 
lav-CL)( 
Joe )/e 
I . J RnTEO BVd98-Vdd) 
lav-(LH 
Joe)/e 
1.3 
RATED BVd88-Vdd) 


If 
R_O 
If 
R_O 
10 
lav-CL/R>ln«JoeKR)/CI.3 
RATED 
BVdes 
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Vdd> 
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1J 
lav-(L/R)ln(loe)(R)/(I.3 
RATED BVd88 
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Vdd) 
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10 
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FIGURE 3. RFG60P05E - UNCLAMPED-INDUCTIVE- 
FIGURE 4. RFG60P06E - UNCLAMPED-INDUCTIVE- 
SWITCHING SOA (SINGLE PULSE UIS SOA) 
SWITCHING SOA (SINGLE PULSE UIS SOA) 
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FIGURE 5. MAXIMUM CONTINUOUS DRAIN CURRENT 
FIGURE 6. NORMAUZED 
POWER DISSIPATION VS 
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FIGURE 7. RFG60POSE - TYPICAL SATURAnON 
FIGURE 8. RFG60P06E 
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CHARACTERISTICS 


on 
Vdd--15V 
on 
Vdd--15V 
"- 
150 PULSE 
TEST 
.! 
¥j 
'~,'~~ 
"- 
\50 
PULSE 
TEST 
.1 fI/~ 


% 
% 
~ 
PULSE 
DURAll 
DN-250ue 
.g. 
~,' 
",'00 
~ 
PULSE 
DURAlION-250ue 


DUTY 
CYCLE-. 
51 
MAX 
DUTY 
CYCLE-. 
51 
MAX 
;go 
Ji' ~~ 
- 


125 
t? 
. ~,'\ 
- 


125 
'f' 
f\J/~~ 


C 
" 


c 
i. ,,' 
0 
I " 


0 
u 
100 
u 
100 


1/,," 
- 
;;/ 
~ 
~ 
z 
z 
w 
75 
w 
75 
'" 
~/ 
'" 
~,' 
'" 
'" 
=> 
=> 
u 
u 
z 
50 
,/ 


= 
50 
./ 


~ 
~ 
'" 
'" 
0 
0 
w 
25 
w 
25 
~ 
_# 


~ 
-,j' 


~ 
'" 
~ 
~ 
on 
on 
z 
0 
z 
0 
0 


0 
-2 
-4 
-6 
-8 
-10 
-12 
0 
0 
-2 
-4 
-6 
-8 
-10 
-12 
GATE-TO-SOURCE 
VOLTAGE 
( Vgo) 
VOLTS 
GATE-TD-SOURCE 
VOLTAGE 
( Vge) 
VOLTS 


FIGURE 9. RFG60POSE - TYPICAL TRANSFER 
FIGURE 10. RFG60P06E 
- TYPICAL TRANSFER 
CHARACTERISTICS 
CHARACTERISTICS 


3.0 
PULSE 
DURATION-2S0uo 
Vge--10V 
Id-60A 
Vgs-Vde 
Id-250uA 
1.50 
w~ 
'" 
2.6 
~ 
1.25 
J0> 
r--- 
c 
0 
- 


0 
2.0 
J 


1.00 
----- 


0 
. 
x 
-------- 
u 
on_ 
'" 
------ 
w~ 


0 
"'.0 
-- 
1.6 
x~ 
w 
f-- 
~t75 
N 
----- 
---- 


J 
-- 
r---- 


'"% 
1.0 
'" 
-- 


0.50 
0 --- 


0 
z 
W 
N 


0.6 
J 


0.25 
'"% 
'"0z 
0.0 
0.00 
-50 
0 
50 
100 
150 
200 
-50 
0 
50 
100 
150 
200 
JUNC TI ON 
TEMPERATURE 
IT J ) - 
degC 
JUNCTION 
TEMPERATURE 
IT j) 
degC 


FIGURE 11. NORMALIZED rDS(ON) VS JUNCTION 
FIGURE 12. NORMALIZED GATE THRESHOLD VOLTAGE 
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FIGURE 14. TYPICAL CAPACITANCE VS VOLTAGE 
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FIGURE 16. RFG60P06E 
- NORMALIZED 
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mHARRIS 
2N6901 


N-Channel 
Logic Level 


Power MOS Field-Effect 
Transistors 
(L2FET) 


• 1.69A, 100V 


• rDS(on) = 1.40 


• Design Optimized for 5V Gate Drive 


• Can be Driven Directly from aMOS, NMOS, TTL Circuits 


• Compatible with Automotive Drive Requirements 


• SOA is Power-Dissipation 
Limited 


• Nanosecond Switching Speeds 


• Linear Transfer Characteristics 


TO-20SAF 
BonOMVIEW 


SOU~TEORAJN 


U'(CASE) 


• High Input Impedance 


• Majority Carrier Device 
Terminal Diagram 


N-CHANNEL 
ENHANCEMENT 
MODE 


Description 


The 2N6901 is an N-channel enhancement-mode silicon-gate 
power MOS field-effect transistor specifically designed for use with 
logic level (5V) driving sources in applications such as programma- 
ble controllers, automotiveswitching, and solenoid drivers.This per- 
formance is accomplished through a special gate oxide design 
which provides full rated conduction at gate biases in the 3V - 5V 
range, therefore facilitating true on-off power control directly from 
logic circuit supply voltages. 


The 2N6901 is supplied in the JEDEC TO-205AF metal package. 


Drain-Source Voltage 
VDS 
Drain-Gate Voltage (RGS = 1MO) .......•..........•.............................••..... 
VDGR 
Continuous Drain Current 
TC = +2SoC . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . .. . . . . . . . . . . . . . . .. 
10 
Pulsed Drain Current. ...•........•.......................•••............................. 
10M 
Gate-Source Voltage 
...........•••.......•...............•••........................... 
VGS 
Maximum Power Dissipation 
TC = +2SoC ............•......•..........................••.•......................... 
Po 
Above TC = +2S0C, Derate Linearly 
..............•••.•.....•................................ 
Operating and Storage Junction Temperature Range ......•..........•••................ 
TJ, TSTG 
Maximum Lead Temperature for Soldering ..••••.......••••......................••.......... 
TL 
At distance> 
1/8 in. (3.17mm) from seating plane for 10smax 


2N6901 
UNITS 


100* 
V 
100* 
V 


1.69* 
A 
5* 
A 


±10* 
V 


8.33* 
W 
0.0667* 
W/oC 
-SSto +150* 
°c 


260* 
°c 


{!!. 
••.•w 
w ••• 
> 
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wo 
....:e 
~a: 
t:J w 
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0 
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CHARACTERISTIC 
TEST CONDITIONS 
LIMITS 
UNITS 
Min. Max. 


Drain-Source 
Breakdown 
Voltage 
BVoss 
10: 1 mA, VGS: 0 
100 - 
V 
Gate Threshold 
Voltage 
VGs(th) 
VGS= Ves, 10: 1 mA 
1 
2 
V 


Zero Gate Voltage Drain Current 
loss 
Vos: 
80 V 
- 
1 
pA 
Tc: 
125°C, Vos: 
80 V 
- 
50 
Gate-Source 
Leakage Current 
IGSS 
VGS: ±10 V, Ves - 0 
- 
100 
nA 


Drain-Source 
On Voltage 
Vos(onja 
10- 1.07 A, VGS: 5 V 
- 
1.5 
V 
10: 1.69 A, VGS: 5 V 
- 
2.4 
Static Drain-Source 
On Resistance 
ros(on)a 
10- 1.07 A, VGS- 5 V 
- 
1.4 
n 
Tc: 
125°C, 10: 1.07 A, VGs: 5 V 
- 
2.6 
Forward Transconductance 
gfaa 
Vos - 5 V, 10: 1.07 A 
500 
2000 
mmho 
Input Capacitance 
C,•• 
Vos: 
25 V 
50 
200 
Output Capacitance 
Coo. 
VGs: 0 V 
20 
80 
pF 
Reverse Transfer Capacitance 
C••• 
f: 
0.1 MHz 
5 
20 
Turn-On 
Delay Time 
td(on) 
Voo - 50 V 
- 
25 
Rise Time 
t, 
10: 1.07 A 
- 
45 
ns 
Turn-Off 
Delay Time 
td(off) 
Rgen : Rg• : 15 n 
- 
45 
Fall Time 
t, 
VGs: 5 V 
- 
80 
Thermal Resistance Junction-to-Case 
R6IC 
- 
15 
°C/W 


CHARACTERISTIC 
TEST CONDITIONS 
LIMITS 
UNITS 
Min. Max. 
Diode Forward Voltage 
Vsoa 
Iso: 
1.69 A 
0.8 
1.6 
V 
Reverse Recovery Time 
t" 
IF: 1 A, d'Fldt : 50 AI JIS 
- 
250 
ns 


-In accordance 
with JEDEC registration 
data. 


apulsed: 
Pulse duration: 
300 JIS max., duty cycle: 
2%. 


4 
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V 
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Fig. 4 - Typical normalizad 
drain-to-source 
on resistance to 


junction 
temperature. 


• 
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DRAIN 
CURRENT 
(IDI-A 
Fig. 6 - Typical drain-to-source 
on resistance as a function 
of 
drain current. 


Fig. 3 - Typical normalized 9ate threshold 
voltage as a 
function 
of junction 
temperature. 
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Fig. 7 - Capacitance 
as a function 
of drain-to-source 
voltage. 
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I) HARRIS 
2N6902 


N-Channel 
Logic Level 


Power MOS Field-Effect 
Transistors 
(L2FET) 


Features 


• 12A, 100V 


• rDSlon) = 0.20 


• Design Optimized for 5V Gate Drive 


• Can be Driven Directly from QMOS, NMOS, TTL Circuits 


• Compatible with Automotive 
Drive Requirements 


• SOA is Power-Dissipation 
Limited 


• Nanosecond Switching Speeds 


• Linear Transfer Characteristics 


• High Input Impedance 


• Majority Carrier Device 


TO-204AA 
BonOMVIEW 


DRAIN 
SOU~LANGE)o 
GATE 


Terminal Diagram 


N-CHANNEL 
ENHANCEMENT 
MODE 


Description 


The 2N6901 is an N-channel enhancement-mode silicon-gate 
power MOS field-effect transistor specifically designed for use with 
logic level 15V) driving sources in applications such as programma- 
ble controllers, automotive switching, and solenoid drivers. This per- 
formance is accomplished through a special gate oxide design 
which provides full rated conduction at gate biases in the 3V - 5V 
range, therefore facilitating true on-off power control directly from 
logic circuit supply voltages. 


The 2N6902 is supplied in the JEDEC TO-204AA steel package. 


Drain-Source Voltage ...............•...•...................••••..............•......... 
VDS 
Drain-Gate Voltage (RGS = 1MO) 
VDGR 
Continuous Drain Current 
TC = +250C .........••................................................................ 
ID 
Pulsed Drain Current .....•......•••......••••..........•••••.......••.•.................. 
IDM 
Gate-Source Voltage 
................................................•.................. 
VGS 
Maximum Power Dissipation 
TC = +250C ..•.••••....••.....•••.....•......................•........................ 
PD 
Above TC = +250C, Derate Linearly 
•........•••••..•.•.....•.•••............................ 


Operating and Storage Junction Temperature Range .•..........•.•••..............•.... 
TJ, TSTG 
Maximum Lead Temperature for Soldering ............••..•........••........................ 
TL 
At distance> 
118 in. (3.17mm) from seating plane for 1Osmax 


2N6902 
UNITS 


100* 
V 
100* 
V 


12* 
A 
30* 
A 
±10* 
V 


75* 
W 
0.6* 
W/oC 
-55to 
+150* 
°C 
260* 
°C 


~ 
•..• w 
w ••.. 
> 
U) 
wo 
....::IE 
~a: 
C.:lw 
0:= 
...• 
0 
Q. 


LIMITS 
CHARACTERISTIC 
TEST CONDITIONS 
UNITS 
MIN. 
MAX. 


Drain-Source 
Breakdown 
Voltage 
BVoss 
ID= 1 mA. Vas = 0 
100 
- 
V 


Gate Threshold 
Voltage 
Vas(th) 
Vas = Vos, ID·=1 mA 
1 
2 
V 


Zero Gate Voltage Drain Current 
IDss 
Vos = 80 V 
- 
1 
fJA 
Tc = 125°C, VDS= 80 V 
- 
50 


Gate-Source 
Leakage Current 
loss 
Vas = ±10 V. Vos = 0 
- 
100 
nA 


Drain-Source 
On Voltage 
VDS(on)- 
ID= 7.6 A. Vas = 5 V 
- 
1.52 
V 
ID= 12 A. Vas = 5 V 
- 
3.3 


Static Drain-Source 
On Resistance 
rDS(on)- 
ID= 7.6 A 
- 
0.2 
n 
Tc=125°C. ID=7.6A, Vas=5 V 
- 
0.32 


Forward Transconductance 
g••- 
Vos = 5 V. ID= 7.6 A 
3 
12 
mho 


Input Capacitance 
Cia. 
Vos =25 V 
350 
900 


Output Capacitance 
C_ 
Vas = 0 V 
100 
325 
pF 


Reverse-Transfer 
Capacitance 
C••• 
f=0.1MHz 
25 
100 


Turn-On 
Delay Time 
td(on) 
VDD= 50 V 
- 
50 


Rise Time 
t, 
ID= 7.6 V 
- 
150 
ns 
Turn-Off 
Delay Time 
, 
to(off) 
Rgon = Rg• = 15 n 
- 
130 


Fall Time 
t. 
Vas = 5 V 
- 
150 


Thermal Resistance Junction-to-Case 
R8Jc 
- 
1.67 
°C/W 


LIMITS 
CHARACTERISTIC 
TEST CONDITIONS 
UNITS 
MIN. 
MAX. 


Diode Forward Voltage 
VSD- 
ISD= 12 A 
0.8 
1.6 
V 


Reverse Recovery Time 
t" 
IF= 4A 
- 
375 
ns 
d'F/d, = 100 AlfJS 


• In accordance 
with JEDEC registration 
data. 


-Pulsed: 
Pulse duration 
= 300 fJS.max., duty cycle = 2%. 
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Fig. 3 - Typical normalized 
gate threshold voltage as a function of 


junction 
temperature. 
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;II HARRIS 
2N6903 


N-Channel 
Logic Level 


Power MOS Field-Effect 
Transistors 
(L2FET) 


• O.98A, 
100V 


• rDS(on) 
= 3.650 


• Design 
Optimized 
for 
5V Gate 
Drive 


• Can be Driven 
Directly 
from 
aMOS, 
NMOS, 
TTL 
Circuits 


• Compatible 
with 
Automotive 
Drive 
Requirements 


• SOA 
is Power-Dissipation 
Limited 


• Nanosecond 
Switching 
Speeds 


• Linear 
Transfer 
Characteristics 


TO-205AF 
BOTTOM VIEW 


SOUTIRCE , 
, GATE 


DRAIN 
(CASE) 


• High 
Input 
Impedance 


• Majority 
Carrier 
Device 
Terminal Diagram 


N-CHANNEL 
ENHANCEMENT 
MODE 


Description 


The 
2N6903 
is 
an 
N-channel 
enhancement-mode 
silicon-gate 
power 
MOS field-effect 
transistor 
specifically 
designed 
for use with 
logic 
level (5V) driving 
sources 
in applications 
such as programma- 
ble controllers, 
automotive 
switching, 
and solenoid 
drivers. This per- 
formance 
is 
accomplished 
through 
a special 
gate 
oxide 
design 
which 
provides 
full 
rated conduction 
at gate biases 
in the 3V - 5V 
range, 
therefore 
facilitating 
true 
on-off 
power 
control 
directly 
from 
logic 
circuit 
supply 
voltages. 


The 2N6903 
is supplied 
in the JEDEC 
TO-205AF 
metal package. 


Drain-Source Voltage ....................................................•.............. 
VDS 
Drain-Gate Voltage (RGS = 1MO) ..•..........•...•..................................... 
VDGR 
Continuous Drain Current 
TC = +250C •.....•.................................................................•.. 
10 
Pulsed Drain Current ••................•...........•...................................... 
10M 
Gate-Source Voltage 
.......••.•....•.•••......•.•••....•.•....••••.••.................. 
VGS 
Maximum Power Dissipation 
TC = +250C •••....................•..............................•............•.....•• 
Po 
AboveTc 
= +250C, Derate Linearly 
..................•...........•••••..........•......•••.. 


Operating and Storage Junction Temperature Range ..•••.•••...........••.............. 
TJ, TSTG 
Maximum Lead Temperature for Soldering .............•••............•••.••.......•••......• 
TL 
At distance> 
1/8 in. (3.17mm) from seating plane for 1Osmax 


2N6903 
UNITS 


200' 
V 
200' 
V 


0.98' 
A 
4' 
A 
±10' 
V 


8.33' 
W 
0.0667' 
W/oC 
-55to 
+150' 
°C 
260' 
°C 


~ 
.••• w 
w 
u.. 
> 
U> 
wo 
....::E 
:!a: 
t:l w 
03: 
...• 
0 
Q.. 


CHARACTERISTIC 
TEST CONDITIONS 
LIMITS 
UNITS 
Min. Max. 


Drain-Source 
Breakdown 
Voltage 
BVoss 
10 - 1 mA, Vas - 0 
200 
- 
V 
Gate Threshold 
Voltage 
VGs(th) 
VGS= Vos, 10 = 1 mA 
1 
2 
V 
Zero Gate Voltage Drain Current 
loss 
Vos-160V 
- 
1 
p.A 
Tc = 125°C, Vos = 160 V 
- 
50 
Gate-Source 
Leakage Current 
IGSS 
VGS- ±10 V, Vos - 0 
- 
100 
nA 


Drain-Source 
On Voltage 
Vos(on)a 
10 - 0.62 A, VGS- 5 V 
- 
2.26 
V 
10 - 0.98 A, VGS- 5 V 
- 
6 
Static Drain-Source 
On Resistance 
ros(on)a 
10 = 0.62 A, VGS= 5 V 
- 
3.65 
n 
Tc = 125°C, 
10 = 0.62 A, VGS= 5 V 
- 
7.7 
Forward Transconductance 
g••a 
Vos - 5 V, 10 - 0.62 A 
500 
2000 
mmho 
Input Capacitance 
C,•• 
Vos = 25 V 
50 
200 
Output Capacitance 
Co•• 
VGS= 0 V 
15 
60 
pF 
Reverse Transfer Capacitance 
C••• 
f = 0.1 MHz 
2 
20 
Turn-On 
Delay Time 
t.(on) 
Voo=100V 
- 
25 
Rise Time 
t, 
10 = 0.62 A 
- 
30 
ns 
Turn-Off 
Delay Time 
t.(off) 
Rgon = Rg• = 15 n 
- 
40 
Fall Time 
tf 
VGS= 5 V 
- 
80 
Thermal Resistance Junction-to-Case 
R/lJc 
- 
15 
°C/W 


CHARACTERISTIC 
TEST CONDITIONS 
LIMITS 
UNITS 
Min. Max. 


Diode Forward Voltage 
Vsoa 
Iso = 0.98 A 
0.8 
1.6 
V 
Reverse Recovery Time 
tn 
IF= 1 A, d'F/dt = 50 A/JJ.S 
- 
500 
ns 


*In accordance 
with JEDEC registration 
data. 


apulsed: 
Pulse duration 
= 300 JJ.Smax., duty cycle = 2%. 
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CASE TEMPERATURE 
(TCI-OC 
92(5-4014) 


Fig. 2 - Power dissipation 
vs. temperature 
derating curve. 


Fig. 4 - Typical normalized 
drain-to-source 
on resistance to 
junction 
temperature. 
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Fig. 6 - Typical drain-to-source 
on resistance as a function 
of 
drain current. 
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Fig. 3 - Typical normalized 
gate threshold 
voltage as a 
function 
of junction 
temperature. 
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Fig. 5 - Typical transfer characteristics. 
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mHARRIS 
2N6904 


N-Channel 
Logic Level 


Power MOS Field-Effect 
Transistors 
(L2FET) 


• SA, 200V 


• rDS(on) = 0.60 


• Design Optimized for 5V Gate Drive 


• Can be Driven Directly from aMOS, NMOS, TTL Circuits 


• Compatible with Automotive 
Drive Requirements 


• SOA is Power-Dissipation 
Limited 


• Nanosecond Switching Speeds 


• Linear Transfer Characteristics 


TO-204AA 


BOTTOM 
VIEW 


DRAIN 
SOU~LANGE)o 
GATE 


• High Input Impedance 


• Majority Carrier Device 
Terminal Diagram 


N-CHANNEL 
ENHANCEMENT 
MODE 


Description 


The 2N6904 
is an N-channel enhancement-mode silicon-gate 
power MOS field-effect transistor specifically designed for use with 
logic level (5V) driving sources in applications such as programma- 
ble controllers, automotive switching, and solenoid drivers. This per- 
formance is accomplished through a special gate oxide design 
which provides full rated conduction at gate biases in the 3V - 5V 
range, therefore facilitating true on-off power control directly from 
logic circuit supply voltages. 


The 2N6904 is supplied in the JEDEC TO-204AA steel package. 


Drain-Source 
Voltage. 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 
VDS 
Drain-Gate 
Voltage (RGS = 1MOl 
............•................•.....••.................. 
VDGR 
Continuous 
Drain Current 
TC = +250C 
10 
Pulsed Drain Current ...•.....•••........••...........•...•••.............•.............•. 
IDM 
Gate-SourceVoltage 
..............•...........•........................................ 
VGS 
Maximum Power Dissipation 
TC = +250C 
...............••.......................................•.................. 
PD 
Above TC = +250C, Derate Linearly 
. 


Operating 
and Storage Junction Temperature 
Range .•............••.••.•............•.. 
TJ, TSTG 
Maximum Lead Temperature 
for Soldering 
TL 
At distance> 
1/8 in. (3.17mml from seating plane for 1Os max 


2N6904 
UNITS 


200* 
V 
200* 
V 


8* 
A 
20* 
A 
±10* 
V 


75* 
W 
0.6* 
W/oC 
-55to+150* 
°C 
260* 
°C 


~ 
•.•• w 
w ••• 
> en 
wo 
....:;: 
~a: 
c:J w 
03: 
...• 
0 
Q. 


LIMITS 
CHARACTERISTIC 
TEST CONDITIONS 
UNITS 
MIN. 
MAX. 


Drain-Source 
Breakdown 
Voltage 
BVoss 
10= 1 mA, VGS= 0 
200 
- 
V 


Gate Threshold 
Voltage 
VGs(th) 
VGS= Vos, 10= 1 mA 
1 
2 
V 


Zero Gate Voltage Drain Current 
loss 
Vos = 160 V 
- 
1 
pA 
Tc = 125°C, Vos = 160 V 
- 
50 


Gate-Source 
Leakage Current 
IGSS 
VGS= ±10 V, Vos = 0 
- 
100 
nA 


Drain-Source 
On Voltage 
Vos(on)a 
10= 5.1 A, VGS= 5 V 
- 
3.06 
V 
10= 8 A, VGS= 5 V 
- 
5.5 


Static Drain-Source 
On Resistance 
ros(on)a 
10= 5.1 A 
- 
0.6 
n 
Tc=125°C, 10=5.1A, VGs=5V 
- 
1.11 


Forward Transconductance 
g,.a 
Vos = 5 V, 10= 5.1 A 
3 
12 
mho 


Input Capacitance 
C,•• 
Vos = 25 V 
350 
900 


Output Capacitance 
Con 
VGS= 0 V 
75 
250 
pF 


Reverse-Transfer 
Capacitance 
C••• 
f = 0.1 MHz 
20 
100 


Turn-On 
Delay Time 
td(on) 
Voo=100V 
- 
45 


Rise Time 
t, 
10= 5.1 A 
- 
150 
ns 
Turn-Off 
Delay Time 
td(off) 
Rgon = Rg• = 15 n 
- 
135 


Fall Time 
tt 
VGS= 5 V 
- 
150 


Thermal Resistance Junction-to-Case 
R8JC 
- 
1.67 
°CIW 


LIMITS 
CHARACTERISTIC 
TEST CONDITIONS 
UNITS 
MIN. 
MAX. 


Diode Forward Voltage 
Vsoa 
Iso = 8 A 
0.8 
1.6 
V 


Reverse Recovery Time 
t" 
IF= 4 A 
- 
625 
ns 
dlF/dt = 100 AlIlS 


• In accordance 
with JEDEC registration 
data. 
apulsed: 
Pulse duration 
= 300 1lS,max., duty cycle = 2%. 
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Fig. 3 - Typical 
normalized 
gate threshold 
voltage 
as a function 
of 
junction 
temperature. 
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Fig. 8 - Typical forward 
transconductance 
as a function 
of drain 
current. 
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mHARRIS 
RFI.1NOSI. 
RFI.1N10l. 


N-Channel 
Logic Level 


Power Field-Effect 
Transistors 
(L2FET) 


• lA, 80Vand 
100V 


• rDS(ON) = 1.20 


• Design Optimized for SV Gate Drives 


• Can be Driven Directly from aMOS, NMOS, TTl Circuits 


• Compatible with Automotive 
Drive Requirements 


• SOA is Power-Dissipation 
limited 


• Nanoscecond Switching Speeds 


• linear 
Transfer Characteristics 


SOUTIRCE 
0 
GATE 


DRAIN 
(CASE) 


• High Input Impedance 


• Majority Carrier Device 
Terminal Diagram 


N-CHANNEL 
ENHANCEMENT 
MODE 
Description 


The RFl1 N08l and RFl1 N1Ol are N-channel enhancement- 
mode silicon-gate power field-effect transistors specifically 
designed for use with logic level (5V) driving sources in 
applications such as programmable controllers, automotive 
switching, and solenoid drivers. This performance is accom- 
plished through a special gate oxide design which providesfull 
rated conduction at gate biases in the 3V - 5V range,thereby 
facilitating true on-off power control directly from logic circuit 
supply voltages. 


The RFl series types are supplied in the JEDEC TO-205AF 
steel package. 
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•.••w 
w 
u.. 
> en 
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S 
...•:e 
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~w 
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RFL1N08L 
RFL lNl0L 
UNITS 


80 
100 
V 
80 
100 
V 


1 
1 
A 
5 
5 
A 
±10 
±10 
V 


8.33 
8.33 
W 
0.0667 
0.0667 
w/oC 
-55to+150 
-55to+150 
oC 


Drain-Source Voltage ................•..........••...................... 
VDS 
Drain-Gate Voltage (RGS = 1MOl .............•......................... 
VDGR 
Continuous Drain Current 
RMS Continuous •......•...•.•.........••••.......•.••••.•..........••. 
10 
Pulsed Drain Current. .•..•........•.................................... 
10M 
Gate-Source Voltage 
.....................................•.••••...•.... 
VGS 
Maximum Power Dissipation 
TC = +250C •...•••.....••.......•.....•...•........................... 
Po 
AboveTc = +250C, Derate Linearly 
••........•••••..•........•..•........... 


Operating and Storage Junction Temperature Range ...•..•............• 
TJ, TSTG 


LIMITS 


RFL1N08L 
RFL1N10L 


CHARACTERISTIC 
SYMBOLS 
TEST CONDITIONS 
MIN 
MAX 
MIN 
MAX 
UNITS 


Drain-Source 
Breakdown Voltage 
BVOSS 
10 = 1mA, VGS=O 
80 
- 
100 
- 
V 


Gate Threshold Voltage 
VGS(th) 
VGS=VOS,lo 
= 1mA 
1 
2 
1 
2 
V 


Zero-Gate Voltage Drain Current 
lOSS 
VOS=65V 
- 
1 
- 
- 
pA 


VOS=80V 
- 
- 
- 
1 
pA 


TC = +1250C 
VDS=65V 
- 
50 
- 
- 
pA 


VOS=80V 
- 
- 
- 
50 
mA 


Gate-Source 
Leakage Current 
IGSS 
VGS= ±10V, VOS =0 
- 
100 
- 
100 
nA 


Drain-Source 
On-Voltage 
VOS(on)* 
10 = 1A, VGS =5V 
- 
1.2 
- 
1.2 
V 


10 = 2A,VGS =5V 
- 
2.9 
- 
2.9 
V 


Static Drain-Source 
On Resistance 
rOS(on)* 
10 = 1A, VGS =5V 
- 
1.2 
- 
1.2 
n 


Forward Transconductance 
91s* 
10 = 1A, VOS = 10V 
800 
- 
800 
- 
S(U) 


Input Capacitance 
CISS 
VGS = OV,VOS = 25V 
- 
200 
- 
200 
pF 
f=1MHz 
Output Capacitance 
COSS 
- 
80 
- 
80 
pF 


Reverse Transfer Capacitance 
CRSS 
- 
35 
- 
35 
pF 


Turn-On Delay Time 
Id(on) 
10 = 1A, VOO = 50V 
10 (typ) 
25 
10(typ) 
25 
ns 


RiseTime 
tr 
RGEN=oo, 
15 (typ) 
45 
15 (typ) 
45 
RGS = 6.25V, VGS = 5V 
ns 


Turn-Off Delay Time 
Id(off) 
25 (typ) 
45 
25 (typ) 
45 
ns 


Fall Time 
tf 
30 (typ) 
50 
30 (typ) 
50 
ns 


Thermal Resistance Junction-to-Case 
ReJC 
- 
15 
- 
15 
°CIW 


LIMITS 


RFL1N08L 
RFL1N10L 


CHARACTERISTIC 
SYMBOLS 
TEST CONDITIONS 
MIN 
MAX 
MIN 
MAX 
UNITS 


Diode Forward Voltage 
VSO* 
ISO =-1A 
- 
1.4 
- 
1.4 
V 


Diode Reverse Recovery Time 
trr 
IF=2A 
100(typ) 
100 (typ) 100 (typ) 100 (typ) 
ns 
dlF/dt = 50N~s 


ffi 
1.0 


-' 
Q.~ 
~ 0.8 
z 
~ 0.6 --- 
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~ 
'" 
~ 0.4 
c 


OPERATION 
IN THIS AREA 
LIMITED 
BY Rde(on) 
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Z 
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u. 
u. 
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Fig. 4 - 
Normalized drain-to-source on resistance to 
junction temperature for all types. 
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Fig. 3 - 
Typical normalized gate threshold voltage as a function 
of junction temperature for all types. 
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Fig 6. - Normalized switching waveforms for constant gate-current. 
Refer to Harris application notes AN-7254 and AN-7260. 


Fig. 8 - 
Typical drain-to-source 
on resistance as a function 
of drain current for all types. 
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Fig. 10 - 
Typical forward transconductance 
as a function 
of drain current for all types. 
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Capacitance as a function of drain-to-source 
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mHARRIS 
RFI.1N121. 
RFI.1 N'151. 


N-Channel 
Logic Level 


Power Field-Effect 
Transistors 
(L2FET) 


Features 


• lA, 
120V 
and 
150V 


• rDS(ON) 
= 1.90 


• Design 
Optimized 
for 
5V Gate 
Drives 


• Can be Driven 
Directly 
from 
aMOS, 
NMOS, 
TTL Circuits 


• Compatible 
with 
Automotive 
Drive 
Requirements 


• SOA 
is Power-Dissipation 
Limited 


• Nanoscecond 
Switching 
Speeds 


• Linear 
Transfer 
Characteristics 


• High 
Input 
Impedance 


• Majority 
Carrier 
Device 


SOUTIRCE 
0 
."ATE 


DRAIN 
(CASE) 


Terminal Diagram 


N-CHANNEL 
ENHANCEMENT 
MODE 
Description 


The RFL 1 N12L 
and RFL 1N15L 
are N-channel 
enhancement- 
mode 
silicon-gate 
power 
field-effect 
transistors 
specifically 
designed 
for 
use 
with 
logic 
level 
(5V) 
driving 
sources 
in 
applications 
such 
as 
programmable 
controllers, 
automotive 
switching. 
and 
solenoid 
drivers. 
This 
performance 
is accom- 
plished 
through 
a special 
gate oxide 
design 
which 
provides 
full 
rated conduction 
at gate biases 
in the 3V - 5V range. thereby 
facilitating 
true on-off 
power 
control 
directly 
from 
logic 
circuit 
supply 
voltages. 


The 
RFL series 
types 
are supplied 
in the JEDEC 
TO-205AF 
metal 
package. 


Drain-Source Voltage 
, 
, . . . . . . . . . . . . . . . . . . . . . . . .. 
VOS 
Orain-GateVoltage(RGS= 
1Ml1) 
VOGR 
Continuous Drain Current 
RMS Continuous 
10 
Pulsed Drain Current. 
IOM 
Gate-Source Voltage 
VGS 
Maximum Power Dissipation 
TC = +250C 
Po 
Above TC = +250C. Derate Linearly 
. 


Operating and Storage Junction Temperature Range 
TJ, TSTG 


G 


{!! 
..•• 
w 
w u. 
> 
U> 
wo 
S 


•.•• ::s: 
5::?a: 
(:Jw 
0:1: 
...•0 
Cl.. 


RFL1N12L 
RFL1N15L 
UNITS 


120 
150 
V 
120 
150 
V 


1 
1 
A 
5 
5 
A 
±10 
±10 
V 


8,33 
8.33 
W 
0.0667 
0.0667 
W/oC 
-55to 
+150 
-55to 
+150 
oC 


LIMITS 


RFL1N12L 
RFL1N15L 


CHARACTERISTIC 
SYMBOLS 
TEST CONDITIONS 
MIN 
MAX 
MIN 
MAX 
UNITS 


Drain-Source 
Breakdown Voltage 
BVDSS 
10 = 1mA, VGS =0 
120 
- 
150 
- 
V 


Gate Threshold Voltage 
VGS(th) 
VGS = VOS' 10 = 2mA 
1 
2 
1 
2 
V 


Zero-Gate Voltage Drain Current 
lOSS 
VOS = 100V 
- 
1 
- 
- 
JJA 


VOS = 120V 
- 
- 
- 
1 
JJA 


TC=+1250C 
VOS= 100V 
- 
50 
- 
- 
JJA 


VOS=120V 
- 
- 
- 
50 
mA 


Gate-Source Leakage Current 
IGSS 
VGS= ±10V, VOS=O 
- 
100 
- 
100 
nA 


Drain-Source On-Voltage 
VOS(on)* 
'0=1A,VGS=5V 
- 
1.9 
- 
1.9 
V 


'0 =2A, VGS = 5V 
- 
4.6 
- 
4.6 
V 


Stalic Drain-Source 
On Resistance 
rOS(on)* 
10=1A,VGS=5V 
- 
1.9 
- 
1.9 
0 


Forward Transconductance· 
91s* 
10 = 1A, VOS = 10V 
800 
- 
800 
- 
Sm) 


Input Capacitance 
CISS 
VGS = OV,VOS = 25V 
- 
200 
- 
200 
pF 
1= 1MHz 
Output Capacitance 
COSS 
- 
80 
- 
80 
pF 


Reverse Transler Capacitance 
CRSS 
- 
35 
- 
35 
pF 


Turn-On Delay Time 
!d(on) 
10 = 1A, VOO = 75V 
10(typ) 
25 
10 (typ) 
25 
ns 


RiseTime 
Ir 
RGEN=oo, 
10 (typ) 
45 
10 (typ) 
45 
ns 
RGS = 6.250, VGS = 5V 
Turn-Off OelayTime 
!d(off) 
24 (typ) 
45 
24 (typ) 
45 
ns 


Fall Time 
tl 
30 (typ) 
50 
30 (typ) 
50 
ns 


Thermal Resistance Junction-to-Case 
ROJC 
- 
15 
- 
15 
°C/W 


LIMITS 


RFL1N12L 
RFL1N15L 


CHARACTERISTIC 
SYMBOLS 
TEST CONDITIONS 
MIN 
MAX 
MIN 
MAX 
UNITS 


Diode Forward Voltage 
VSO* 
ISO =-1A 
- 
1.4 
- 
1.4 
V 


Diode Reverse Recovery Time 
trr 
IF=2A 
150 (typ) 150 (typ) 150 (typ) 150 (typ) 
ns 
dlF/dt = 50N~s 
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Fig. 2 - 
Power dissipation vs. case temperature derating curve 
for all types. 
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Fig. 3 - 
Typical normalized gate threshold voltage as a function 
of junction 
temperature for all types. 
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Fig. 6 - Normalized sWitching waveforms for constant gate-current 
Refer to Harris application 
notes AN-7254 
and AN-7260. 
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Fig. 10 - 
Typical forward 
transconductance 
as a function 
of drain current 
for all types. 
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El)HARRIS 
RFf.1N18f. 
RFf.1N20f. 


N-Channel 
Logic Level 


Power Field-Effect 
Transistors 
(L2FET) 


Features 


• lA, l80V and 200V 


• rDS(ON) = 3.650. 


• Design Optimized 
for 5V Gate Drives 


• Can be Driven Directly from CMOS, NMOS, TTL Circuits 


• Compatible 
with Automotive 
Drive Requirements 


• SOA is Power-Dissipation 
Limited 


• Nanoscecond 
Switching 
Speeds 


• Linear Transfer Characteristics 


• High Input Impedance 


• Majority Carrier Device 


SOUTIRCE 
0 
GATE 


DRAIN 
(CASE) 


Terminal Diagram 


N-CHANNEL 
ENHANCEMENT 
MODE 
Description 


The RFL1N18L and RFL1N20L are N-channel enhancement- 
mode silicon-gate 
power field-effect transistors specifically 
designed for use with logic level (5V) driving sources in 
applications such as programmable controllers, automotive 
switching, and solenoid drivers. This performance is accom- 
plished through a special gate oxide design which provides full 
rated conduction at gate biases in the 3V - 5V range, thereby 
facilitating true on-off power control directly from logic circuit 
supply voltages. 


The RFL series types are supplied in the JEDEC TO-205AF 
metal package. 


Drain-Source Voltage ............................•.....•.••..•.......... 
VDS 
Drain-Gate Voltage (RGS = 1MO) .......................•.•............. 
VDGR 
Continuous Drain Current 
RMS Continuous 
......................................••.••............ 
10 
Pulsed Drain Current ..................•........................•.•..... 
IDM 
Gate-Source Voltage 
VGS 


Maximum Power Dissipation 
Te = +250C ..................................•............•........... 
Po 
Above Te = +250e, Derate Linearly 
•.....••.••••............................ 


Operating and Storage Junction Temperature Range .•.................. 
TJ, TSTG 
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'" 
to- 
•..• 
w 
w u.. 
> 
CI> 
wo 
S 


•..• ::e 
~= 
c:lw 
o~ 
...• 
0 
Q.. 


RFL1N18L 
RFL1N20L 
UNITS 


180 
200 
V 
180 
200 
V 


1 
1 
A 
4 
4 
A 


±10 
±10 
V 


8.33 
8.33 
W 
0.0667 
0.0667 
wloe 
-55 to +150 
-55 to +150 
°e 


LIMITS 


RFL1N18L 
RFL1N20L 


CHARACTERISTIC 
SYMBOLS 
TEST CONDITIONS 
MIN 
MAX 
MIN 
MAX 
UNITS 


Drain-Source Breakdown Voltage 
BVOSS 
10 = 1mA, VGS = 0 
180 
- 
200 
- 
V 


Gate Threshold Voltage 
VGS(th) 
VGS =VOS"O 
= 1mA 
1 
2 
1 
2 
V 


Zero-Gate Voltage Drain Current 
lOSS 
VOS = 145V 
- 
1 
- 
- 
pA 


VOS = 160V 
- 
- 
- 
1 
pA 


TC=+1250C 
VOS = 145V 
- 
50 
- 
- 
pA 


VOS=160V 
- 
- 
- 
50 
mA 


Gate-Source Leakage Current 
IGSS 
VGS= ±10V, VOS =0 
- 
100 
- 
100 
nA 


Drain-Source On-Voltage 
VOS(on)* 
10 = 1A,VGS =5V 
- 
3.65 
- 
3.65 
V 


10=2A,VGS=5V 
- 
9.3 
- 
9.3 
V 


Static Drain-Source On Resistance 
rOS(on)* 
10 = 1A,VGS =5V 
- 
3.65 
- 
3.65 
n 


Forward Transconductance 
gis' 
10 = 1A, VOS= 10V 
800 
- 
800 
- 
Sm) 


Input Capacitance 
CISS 
VGS = OV,VOS = 25V 
- 
200 
- 
200 
pF 
1= 1MHz 
Output Capacitance 
COSS 
- 
60 
- 
60 
pF 


Reverse Transler Capacitance 
CRSS 
- 
35 
- 
35 
pF 


Turn-On Delay Time 
!d(on) 
'0 = 1A, VOO = 100V 
10(typ) 
25 
10 (typ) 
25 
ns 


Rise Time 
tr 
RGEN =00, 
10 (typ) 
30 
10 (typ) 
30 
ns 
RGS = 6.25V, VGS = 5V 
Turn-Off OelayTime 
!d(off) 
25 (typ) 
40 
25 (typ) 
40 
ns 


Fall Time 
tl 
30 (typ) 
50 
30 (typ) 
50 
ns 


Thermal Resistance Junclion-to-Case 
R6JC 
- 
15 
- 
15 
°CIW 


LIMITS 


RFL1N18L 
RFL1N20L 


CHARACTERISTIC 
SYMBOLS 
TEST CONDITIONS 
MIN 
MAX 
MIN 
MAX 
UNITS 


Diode Forward Vollage 
VSO' 
ISO=-1A 
- 
1.4 
- 
1.4 
V 


Diode Reverse Recovery Time 
trr 
IF=2A 
200 (typ) 200 (typ) 200 (typ) 200 (typ) 
ns 
dlF/dt = 50NllS 
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C> 
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ffi 
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OPERATION 
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Fig. 2 - 
Power dissipation vs. temperature derating curve 
for all types. 


Fig. 3 - 
Typical normalized gate threshold voltage as a function 
of junction 
temperature for all types. 
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Fig. 4 - 
Normalized drain-to-source 
on resistance to 
junction 
temperature for all types. 
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Fig. 6 - Normalized switching 
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Refer to Harris application 
notes AN7254 and AN-7260. 
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mJHARRIS 
RFI.2NOSI. 
RFL.2N06L. 


N-Channel 
Logic Level 


Power Field-Effect 
Transistors 
{L2FET} 


• 2A, 50V 
and 
60V 


• rDS(ON) 
= 0.950 


• Design 
Optimized 
for 
5V Gate 
Drives 


• Can be Driven 
Directly 
from 
CMOS, 
NMOS, 
TTL Circuits 


• Compatible 
with 
Automotive 
Drive 
Requirements 


• SOA 
is Power-Dissipation 
Limited 


• Nanoscecond 
Switching 
Speeds 


• Linear 
Transfer 
Characteristics 
SOUURCE 


0 
."ATE 


DRAIN 
(CASE) 


• High 
Input 
Impedance 


• Majority 
Carrier 
Device 
Terminal Diagram 


N-CHANNEL 
ENHANCEMENT 
MODE 
Description 


The RFL2N05L 
and RFL2N06L 
are N-channel 
enhancement- 
mode 
silicon-gate 
power 
field-effect 
transistors 
designed 
for 
applications 
such 
as 
switching 
regulators, 
switching 
converters, 
motor 
drivers, 
relay drivers 
and 
drivers 
for high- 
power 
bipolar 
sWitching 
transistors 
requiring 
high 
speed 
and 
low gate-drive 
power. 
These 
types 
can 
be operated 
directly 
from 
integrated 
circuits. 


The RFL series 
types 
are supplied 
in the JEDEC 
TO-205AF 
metal package. 
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RFL2N05L 
RFL2N06L 
UNITS 


50 
50 
V 
50 
60 
V 


2 
2 
A 
10 
10 
A 
±10 
±10 
V 


8.33 
8.33 
W 
0.0667 
0.0667 
WloC 
-55to+150 
-55 to +150 
°C 


Drain-Source Voltage 
VDS 
Drain-Gate Voltage (RGS = 1MO) 
VDGR 
Continuous Drain Current 
RMS Continuous 
10 
Pulsed Drain Current 
IDM 
Gate-Source Vo~age 
VGS 
Maximum Power Dissipation 
TC = +250C 
Po 
Above TC = +250C, Derate Linearly 
. 
Operating and Storage Junction Temperature Range 
TJ, TSTG 


LIMITS 


RFL2N05L 
RFL2N06L 


CHARACTERISTIC 
SYMBOLS 
TEST CONDITIONS 
MIN 
MAX 
MIN 
MAX 
UNITS 


Drain-Source Breakdown Vollage 
BVOSS 
10 = 1mA, VGS = 0 
50 
- 
60 
- 
V 


Gale Threshold Voliage 
VGS(lh) 
VGS = VOS' 10= 2mA 
1 
2 
1 
2 
V 


Zero-Gale Voliage Drain Currenl 
lOSS 
VOS=40V 
- 
1 
- 
- 
IlA 


VOS=50V 
- 
- 
- 
1 
IlA 


TC=+1250C 
VOS=40V 
- 
50 
- 
- 
IlA 


VOS= 50V 
- 
- 
- 
50 
mA 


Gale-Source Leakage Currenl 
IGSS 
VGS = ±10V.VOS=0 
- 
100 
- 
100 
nA 


Drain-Source On-Vollage 
VOS(on)* 
10=lA.VGS=5V 
- 
0.95 
- 
0.95 
V 


10 = 2A, VGS = 5V 
- 
2.0 
- 
2.0 
V 


10 = 4A, VGS = 7.5V 
- 
4.8 
- 
4.8 
V 


Sialic Drain-Source On Resistance 
rOS(on)* 
10=lA.VGS=5V 
- 
0.95 
- 
0.95 
n 


Forward Transconductance 
9fs* 
10 = lA, VOS = 10V 
800 
- 
800 
- 
Sm) 


Inpul Capacitance 
CISS 
VGS = OV.VOS = 25V 
- 
225 
- 
225 
pF 
f= lMHz 
Oulpul Capacilance 
COSS 
- 
100 
- 
100 
pF 


Reverse Transfer Capacilance 
CRSS 
- 
40 
- 
40 
pF 


Turn-On Delay Time 
~(on) 
10= lA, VOO = 30V 
10 (typ) 
20 
10 (typ) 
20 
ns 


Rise Time 
Ir 
RGEN =00, 
65 (typ) 
130 
65 (typ) 
130 
ns 
RGS = 6.25V, VGS = 5V 
Turn-Off OelayTime 
!d(off) 
20 (typ) 
40 
20 (typ) 
40 
ns 


Fall Time 
If 
30 (typ) 
60 
30 (typ) 
60 
ns 


Thermal Resislance Junction-Io-Case 
ROJC 
- 
15 
- 
15 
°CIW 


LIMITS 


RFL2N05L 
RFL2N06L 


CHARACTERISTIC 
SYMBOLS 
TEST CONDITIONS 
MIN 
MAX 
MIN 
MAX 
UNITS 


Diode Forward Vollage 
VSO* 
ISO=lA 
- 
1.4 
- 
1.4 
V 


Diode Reverse Recovery Time 
Irr 
IF=2A 
150 (typ) 150 (Iyp) 150 (typ) 150 (Iyp) 
ns 
dlF/dl = 1OOAl~s 


OPERATION 
IN THIS AREA 
LIMITED 
BY Rds(on) 
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Fig. 2 - Power dissipation 
vs. case temperature 
derating 
curve 


for all types. 
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Fig. 4 - Normalized 
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on resistance 
vs. junction 
temperature 
for all types. 
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Fig. 3 - Typical 
normalized 
gate threshold 
voltage 
as a function 


of junction 
temperature 
for all types. 
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Fig. 6 - Normalized switching 
waveforms for constant gate-current. 


Refer to Harris application 
notes AN7254 and AN-7260. 
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Fig. 8 - Typical 
drain-to-source 
on resistance 
as a function 
of 
drain current 
for all types. 


Fig. 9 - Capacitance 
as a function 
of drain-to-source 
voltage 
for 


all types. 
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Fig. 10 - Typical 
forward 
transconductance 
as a function 
of drain 
current 
for all types. 


HARRIS 
SEMICONDUCTOR 
RFW2N06RLE 


N-Channel Logic Level Enhancement-Mode 
Power Field-Effect Transistors 


• 2A,60V 


• rDs(on)=O.160n 


• UIS Rating Curve (Single Pulse) 


• Design Optimized 
For 5 Volt Gate Drive 


• Can be Driven Directly 
from CMOS, NMOS, TTL Circuits 


• Compatible 
with Automotive 
Drive Requirements 


• SOA Is Power-Dissipation 
Limited 


• Nanosecond 
Switching 
Speeds 


• Linear Transfer 
Characteristics 


• High Input Impedance 


• MaJority Carrier Device 


• Electrostatic 
Discharge 
Protected 


O 


SOURCE 


DRAIN 
GATE 


Description 


The RFW2N06RLE 
(TA9861) 
N·Channellogic 
level ESD 
protected 
power 
MOSFET 
is 
manufactured 
using 
the 
MegaFET 
process. 


This 
process, 
which 
uses 
feature 
sizes 
approaching 
those 
of LSI 
integrated 
circuits 
gives 
optimum 
utilization 
of silicon, 
reSUlting 
in 
outstanding 
performance. 
The 
RFW2N06RLE 
was 
designed 
for 


use 
with 
logic 
level 
(5V) 
driving 
sources 
in applications 
such 
as 
programmable 
controllers, 
automotive 
switching, 
switching 
regula- 


tors, 
switching 
converters, 
motor 
and 
relay 
drivers 
and 
emitter 
switches 
for bipolar 
transistors. 
This 
performance 
is accomplished 
through 
a special 
gate 
oxide 
design 
which 
provides 
full rated 
con· 
ductance 
at gate 
biases 
in the 
3·5 
volt 
range, 
thereby 
facilitating 


true on·off 
power 
control 
directly 
from 
logic circuit 
supply 
voltages. 


The 
RFW2N06RLE 
is supplied 
in the 4·pin 
hexdip 
plastic 
package. 


(Similar 
to JEDEC 
outline 
TO·250) 
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Drain Source Voltage 
Voss 
Drain Gate Voltage 
,VOGR 
Gate Source Voltage 
VGS 
Drain Current 
RMS Continuous 
10 
Pulsed Drain Current 
10M 
Single Pulse AvaJance RaUng .....................................•............. 
EAS 
Electrostatic 
Discharge 
Rating, MIL·STD-883, 
Category B(2) 
ESD 
Power Dissipation 


Tc = +25°C 
Po 
Derate Above +25°C 
: 
PT 
OperaUng and Storage Temperature 
TSTG' TJ 


CAUTION:These devices ere sens~iveto electrostaticdischarge.Usersshould followproper I.C. HandlingProcedures. 
Copyright© Harris Corporation 1992 


UNITS 
60 
V 
60 
V 
+10, -5 
V 


2 
A 
14 
A 
Refer to UIS Curve 
2 
KV 


1.09 
W 
0.009 
Wf'C 


·55 to +150 
°c 


LIMITS 


CHARACTERISTIC 
SYMBOL 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Drain-Source 
Breakdown 
BVoss 
10= 0.25mA, VGS= OV 
60 
- 
- 
V 


Voltage 


Gate Threshold 
Voltage 
VGS(lIl) 
VGS= Vos, 10= 0.25mA 
1 
- 
2 
V 


Zero Gate Voltage Drain Cur- 
loss 
Vos = GOV,VGS= OV 
Tc = +25°C 
- 
-1 
1 
IJA 


rent 
Tc=+1500C 
- 
- 
50 
IJA 


Gate-Source 
Leakage Current 
IGSS 
VGS= +10V, VGS= -5V 
- 
- 
10 
IJA 


- 
- 
10 
IJA 


On Resistance 
rOS(on) 
10= 2A, VGS= 5.0V, 10= 2A, VGS= 4.3V 
- 
- 
160 
mO 


- 
- 
200 
mO 


Tum-OnTime 
Ion 
Voo = 30V,Io 
= 2A, RL = 15, VGS= 5V, 
100 
ns 


Tum-On Delay Time 
RGs=250 
,«on) 
13 
- 
ns 


Rise Time 
t,- 
- 
42 
- 
ns 


Turn-Off Delay Time 
,«oil) 
- 
95 
- 
ns 


Fall Time 
It 
- 
45 
- 
ns 


Tum-Off Time 
Ioff 
- 
200 
ns 


Total Gate Charge 
Qg(lot) 
VGS= 0 to 10V 
Voo = 48V, 
20 
30 
nC 


Gate Charge at 5V 
09(5) 
10= 2A, 


VGs=Ot05V 
RL = 240 
- 
11 
16 
nC 


Threshold Gate Charge 
Qg(th) 
VGS= Oto 1V 
- 
0.6 
1.0 
nC 


Plateau Voltage 
V(pIa•••• ) 
10= 2A, VOS= 15V 
- 
- 
4.3 
V 


Input Capacitance 
C•• 
VOS= 25V, VGS= OV, f = 1MHz 
- 
535 
- 
pF 


Output Capacitance 
Co•• 
- 
175 
- 
pF 


Reverse Transfer Capacitance 
C,.. 
- 
32 
- 
pF 


Turn-Off Energy Loss per 
Eoff 
Voo = 30V, 10= 2A, L = 0.211lH, 
- 
- 
10 
llJ 
Cycle 
RL = 150, VGS= 5V, RGS= 250 


Thermal Resistance Junction 
RaJA 
- 
115 
°CIW 
to Ambient 


LIMITS 


CHARACTERISTIC 
SYMBOL 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Forward Voltage 
Vso 
Iso=2A 
- 
- 
1.2 
V 


Reverse Recovery Time 
t". 
Iso = 2A, dlsddt 
= l00AlIlS 
- 
- 
200 
ns 


Performance 
Curves 
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FIGURE 1. SAFE-oPERATING 
AREA CURVE 
FIGURE 2. UNCLAMPED 
INDUCTIVE·SWITCHING 
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FIGURE 5. TYPICAL 
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FIGURE 6. TYPICAL TRANSFER 
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FIGURE 
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RFP2N08L 
RFP2N10L 


N-Channel 
Logic Level 


Power Field-Effect 
Transistors 
(L2FET) 


mHARRIS 


• 2A, 80Vand 
100V 


• rDS(ON) = 1.050 


• Design Optimized for 5V Gate Drives 


• Can be Driven Directly from aMOS, NMOS, TTL Circuits 


• Compatible with Automotive 
Drive Requirements 


• SOA is Power-Dissipation 
Limited 


• Nanoscecond 
Switching Speeds 


• Linear Transfer Characteristics 


DRAIN~ 
(FLAL: 
0 
- --: ~~~~CE 


• High Input Impedance 


• Majority Carrier Device 
Terminal 
Diagram 


N-CHANNEL 
ENHANCEMENT 
MODE 
Description 


The RFP2N08L and RFP2N1OLare N-channel enhancement- 
mode silicon-gate power field-effect transistors specifically 
designed for use with logic level (5V) driving sources in 
applications such as programmable controllers, automotive 
switching, and solenoid drivers. This performance is accom- 
plished through a special gate oxide design which provides full 
rated conduction at gate biases in the 3V - 5V range, thereby 
facilitating true on-off power control directly from logic circuit 
supply voltages. 


The RFP series types are supplied in the JEDEC TO-220AB 
plastic package. 


Drain-Source 
Voltage. 
. . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 
VDS 
Drain-Gate 
Voltage (RGS = 1MO) ...••........•......................... 
VDGR 
Continuous 
Drain Current 
RMS Continuous 
..•. 
.. . .. . • . .. . • • • . . .. .. . .. .. .• . .. . .. .. . .. • • • .. .. . .. . •• 10 
Pulsed Drain Current .....•••....•••••.......••••.......•..•••••........ 
10M 
Gate-Source 
Voltage 
...............•............•...................... 
VGS 
Maximum Power Dissipation 
Te = +250e 
••..••••....••••..••••.•......•.••••.........•••••.......•• 
Po 
Above Te = +250e, 
Derate Linearly 
••••.......•...•........•.••............. 


Operating 
and Storage Junction Temperature 
Range 
TJ, TSTG 


RFP2N08L 
RFP2N10L 
UNITS 


80 
100 
V 
80 
100 
V 


2 
2 
A 


5 
5 
A 
±10 
±10 
V 


25 
25 
W 
0.2 
0.2 
w/oe 
-55to+150 
-55to 
+150 
°C 


LIMITS 


RFP2N08L 
RFP2N10L 


CHARACTERISTIC 
SYMBOLS 
TEST CONDITIONS 
MIN 
MAX 
MIN 
MAX 
UNITS 


Drain-Source Breakdown Voltage 
BVOSS 
10 = 1mA, VGS =0 
80 
- 
100 
- 
V 


Gate Threshold Voltage 
VGS(th) 
VGS =VOS"O 
= 1mA 
1 
2 
1 
2 
V 


Zero-Gale Voltage Drain Current 
lOSS 
VOS=65V 
- 
1 
- 
- 
flA 


VOS=80V 
- 
- 
- 
1 
flA 


TC= +1250C 
VOS=65V 
- 
50 
- 
- 
flA 


VOS=80V 
- 
- 
- 
50 
mA 


Gate-Source Leakage Current 
'GSS 
VGS=±10V,VOS=0 
- 
100 
- 
100 
nA 


Drain-Source On-Voltage 
VOS(on)* 
10 = 1A,VGS = 5V 
- 
1.05 
- 
1.05 
V 


10 = 2A, VGS = 5V 
- 
2.5 
- 
2.5 
V 


Static Drain-Source On Resistance 
rOS(on)* 
10 = 1A,VGS =5V 
- 
1.05 
- 
1.05 
n 


Forward Transconductance 
91s* 
10=1A,VOS=10V 
800 
- 
800 
- 
Sm) 


Input Capacitance 
CISS 
VGS = OV,VOS = 25V 
- 
200 
- 
200 
pF 
1= 1MHz 
OUlput Capacitance 
COSS 
- 
80 
- 
80 
pF 


Reverse Transler Capacitance 
CRSS 
- 
35 
- 
35 
pF 


Turn-On Delay Time 
Icl(on) 
10 = 1A, VOO = 50V 
10 (lyp) 
25 
10 (lyp) 
25 
ns 


RiseTime 
Ir 
RGEN=<Xl, 
15 (lyp) 
45 
15 (lyp) 
45 
ns 
RGS = 6.25V, VGS = 5V 
Turn-Off OelayTime 
Icl(olf} 
25 (lyp) 
45 
25 (lyp) 
45 
ns 


Fall Time 
tf 
20 (lyp) 
25 
20 (lyp) 
25 
ns 


Thermal Resistance Junction-to-Case 
RSJC 
- 
5 
- 
5 
°C/W 


LIMITS 


RFP2N08L 
RFP2N10L 


CHARACTERISTIC 
SYMBOLS 
TEST CONDITIONS 
MIN 
MAX 
MIN 
MAX 
UNITS 


Diode Forward Voltage 
VSO* 
ISO=-1A 
- 
1.4 
- 
1.4 
V 


Diode Reverse Recovery Time 
trr 
IF=2A 
100(typ) 
100 (typ) 100 (lyp) 100 (typ) 
ns 
dlF/dt = 50N)Js 
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Fig. 2 - 
Power dissipation vs. temperature derating curve 
for all types. 
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Fig. 4 - 
Normalized drain-to-source 
on resistance to 
junction 
temperature for all types. 
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Fig. 8 - 
Typical drain-to-source 
on resistance as a function 
of drain current for all types. 
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Fig. 10 - 
Typical forward transconductance 
as a function 
of drain current for all types. 


8 
PULSE 
TEST 
PULSE 
DURATlON-80~s 
7 
DUTY 
CYCLE 
5 2"- 
CASE 
TEMPERATURE 
Tcl-25·C 


VGS-+2V 


2345678 


ORAIN-TO-SOURSE 
VOLTAGE(VOS)-V 


92C5-37345 


Cr•• 
o 
10 
20 
30 
40 
50 
60 
70 


DRAIN-TO-SOURCE 
VOLTAGE 
{VOS)-V 
92CS- 36158 


Fig. 9 - 
Capacitance as a function of drain-to-source 
voltage for all types. 
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RFP2N121. 
RFP2N151. 


N-Channel Logic Level 


Power Field-Effect Transistors {L2FET} 


mHARRIS 


• 2A, 120V and 150V 


• rDS(ON) = 1.750 


• Design Optimized for 5V Gate Drives 


• Can be Driven Directly from CMOS, NMOS, TTL Circuits 


• Compatible with Automotive 
Drive Requirements 


• SOA is Power-Dissipation 
Limited 


• Nanoscecond 
Switching Speeds 


• Linear Transfer Characteristics 


DRAIN~ 
(FLANGE) 0 
:~~~I~CE 
L- 
--- 
GATE 


• High Input Impedance 


• Majority Carrier Device 
Terminal Diagram 


N-CHANNEL 
ENHANCEMENT 
MODE 
Description 


The RFP2N12L and RFP2N15L are N-channel enhancement- 
mode silicon-gate power field-effect transistors specifically 
designed for use with logic level (5V) driving sources in 
applications such as programmable controllers, automotive 
switching, and solenoid drivers. This performance is accom- 
plished through a special gate oxide design which provides full 
rated conduction at gate biases in the 3V - 5V range, thereby 
facilitating true on-off power control directly from logic circuit 
supply voltages. 


The RFP series types are supplied in the JEDEC TO-220AB 
plastic package. 


Drain-Source Voltage. 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 
VDS 
Drain-Gate Voltage (RGS = 1MOl •........••.........••...•.........•... 
VDGR 
Continuous Drain Current 
RMS Continuous 
. .• . .. . .. .. . .. .. . .. . .. .. . .. .. . .. .. .. .. . . .. .. . .. .• .• . .•. 
10 
Pulsed Drain Current ......................•......................•..••. 
10M 
Gate-Source Voltage 
VGS 
Maximum Power Dissipation 
TC = +250C ••..•••...•.•.....•.•....•.•..••.....•..••..•.............. 
Po 
Above TC = +250C. Derate Linearly 
.....••••••.........••••...........•..... 
Operating and Storage Junction Temperature Range .......••..•........ 
TJ, TSTG 


RFP2N12L 
RFP2N15L 
UNITS 


120 
120 
V 
120 
150 
V 


2 
2 
A 
5 
5 
A 
±10 
±10 
V 


25 
25 
W 
0.2 
0.2 
W/oC 
-55to 
+150 
-55 to +150 
°C 


LIMITS 


RFP2N12L 
RFP2N15L 


CHARACTERISTIC 
SYMBOLS 
TEST CONDITIONS 
MIN 
MAX 
MIN 
MAX 
UNITS 


Drain-Source Breakdown Voltage 
BVOSS 
10 = 1mA, VGS=O 
120 
- 
150 
- 
V 


Gate Threshold Voltage 
VGS(th) 
VGS = VOS' '0 = 2mA 
1 
2 
1 
2 
V 


Zero-Gate Voltage Drain Current 
lOSS 
VOS=100V 
- 
1 
- 
- 
flA 


VOS=120V 
- 
- 
- 
1 
flA 


TC = +1250C 
VOS= 100V 
- 
50 
- 
- 
flA 


VOS= 120V 
- 
- 
- 
50 
mA 


Gate-Source Leakage Current 
IGSS 
VGS= ±10V,VOS=0 
- 
100 
- 
100 
nA 


Drain-Source On-Voltage 
VOS(on)* 
10 = 1A,VGS = 5V 
- 
1.75 
- 
1.75 
V 


'0=2A,VGS=5V 
- 
4.2 
- 
4.2 
V 


Static Orain-Source On Resistance 
rOS(on)* 
10 = 1A,VGS = 5V 
- 
1.75 
- 
1.75 
n 


Forward Transconductance 
9fs* 
10= 1A,VOS = 10V 
800 
- 
800 
- 
S(Ul 


Input Capacitance 
CISS 
VGS = OV,VOS = 25V 
- 
200 
- 
200 
pF 
f=1MHz 
Output Capacitance 
COSS 
- 
80 
- 
80 
pF 


Reverse Transfer Capacitance 
CRSS 
- 
35 
- 
35 
pF 


Turn-On OelayTime 
!d(on) 
10 = 1A, VOO = 75V 
10 (lyp) 
25 
10 (lyp) 
25 
ns 


Rise Time 
lr 
RGEN =00, 
10(lyp) 
45 
10 (lyp) 
45 
ns 
RGS = 6.25V, VGS = 5V 
Turn-Off OelayTime 
!d(off) 
24 (lyp) 
45 
24 (lyp) 
45 
ns 


Fall Time 
tf 
20 (lyp) 
25 
20 (lyp) 
25 
ns 


Thermal Resistance Junction-to-Case 
ReJC 
- 
5 
- 
5 
°C/W 


LIMITS 


RFP2N12L 
RFP2N15L 


CHARACTERISTIC 
SYMBOLS 
TEST CONOITIONS 
MIN 
MAX 
MIN 
MAX 
UNITS 


Oiode Forward Voltage 
VSO* 
ISO=-1A 
- 
1.4 
- 
1.4 
V 


Oiode Reverse Recovery Time 
trr 
IF=2A 
150 (lyp) 150 (typ) 150 (lyp) 150 (typ) 
ns 
dlF/dt = 50Alfls 
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Fig. 2 - 
Power dissipation vs. case temperature derating curve 
for all types. 
Fig. 3 - 
Typical normalized gate threshold voltage as a function 
of junction 
temperature for all types. 
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Fig. 4 - 
Normalized drain-to-source 
on resistance to 
junction 
temperature for all types. 
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Fig. 8 - 
Typical drain-to-source 
on resistance as a function 


of drain current for all types. 
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Fig. 10 - 
Typical lorward transconductance 
as a function 
of drain current for all types. 
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Fig. 9 - 
Capacitance as a function of drain-to-source 
voltage for all types. 


(II HARRIS 
RFP2N18L 
RFP2N20L 


N-Channel 
Logic Level 


Power Field-Effect 
Transistors 
{L2FET} 


• 2A, 180V and 200V 


• rDS(ON) = 3.50 


• Design Optimized for 5V Gate Drives 


• Can be Driven Directly from aMOS, NMOS, TTL Circuits 


• Compatible with Automotive 
Drive Requirements 


• SOA is Power-Dissipation 
Limited 


• Nanoscecond 
Switching Speeds 


• Linear Transfer Characteristics 


• High Input Impedance 


• Majority Carrier Device 


DRAIN 
~ 
(FLANGE) 0 
:~~I~CE 
L 
--- GATE 


Terminal Diagram 


N-CHANNEL 
ENHANCEMENT 
MODE 
Description 


The RFP2N18L and RFP2N20L are N-channel enhancement- 
mode silicon-gate power field-effect transistors specifically 
designed for use with logic level (5V) driving sources in 
applications such as programmable controllers, automotive 
switching, and solenoid drivers. This performance is accom- 
plished through a special gate oxide design which providesfull 
rated conduction at gate biases in the 3V - 5V range, thereby 
facilitating true on-off power control directly from logic circuit 
supply voltages. 


The RFP series types are supplied in the JEDEC TO-220AB 
plastic package. 


Drain-Source 
Voltage. 
. . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 
VOS 
Drain-Gate 
Voltage (RGS= 
lMO) 
..........................•.....•...... 
VOGR 
Continuous 
Drain Current 
RMS Continuous 
....................................•...•.••..........• 
10 
Pulsed Drain Current. 
••••..••••.......•••••.......•.••••••••........... 
10M 
Gate-Source 
Vo~age 
.••••...••••....•.••••.•.........••••••..........•• 
VGS 
Maximum Power Dissipation 
TC = +250C 
.•••...••••.....•••....••.•.••.....•..••••••........•.....• 
Po 
AboveTc 
= +250C, Derate Linearly 
..•••••••.......••••••••••........••.••.. 


Operating 
and Storage Junction Temperature 
Range 
TJ, TSTG 


RFP2N18L 
RFP2N20L 
UNITS 


180 
200 
V 


180 
200 
V 


2 
2 
A 
4 
4 
A 
±10 
±10 
V 


25 
25 
W 
0.2 
0.2 
WloC 
-55to+150 
-55to+150 
°c 


LIMITS 


RFP2N18L 
RFP2N20L 


CHARACTERISTIC 
SYMBOLS 
TEST CONDITIONS 
MIN 
MAX 
MIN 
MAX 
UNITS 


Orain-Source Breakdown Voltage 
aVOSS 
10= 1mA, VGS =0 
180 
- 
200 
- 
V 


Gate Threshold Voltage 
VGS(th) 
VGS=VOS,10=1mA 
1 
2 
1 
2 
V 


Zero-Gate Voltage Orain Current 
lOSS 
VOS=145V 
- 
1 
- 
- 
IlA 


VOS=160V 
- 
- 
- 
1 
IlA 


TC = +1250C 
VOS= 145V 
- 
50 
- 
- 
IlA 


VOS=160V 
- 
- 
- 
50 
mA 


Gate-Source Leakage Current 
'GSS 
VGS = ±10V,VOS=0 
- 
100 
- 
100 
nA 


Orain-Source On-Voltage 
VOS(on)" 
10=1A,VGS=5V 
- 
3.5 
- 
3.5 
V 


10 = 2A, VGS = 5V 
- 
9 
- 
9 
V 


Static Orain-Source On Resistance 
rOS(on)" 
10 = 1A, VGS = 5V 
- 
3.5 
- 
3.5 
n 


Forward Transconductance 
9fs" 
10 = 1A,VOS = 10V 
800 
- 
800 
- 
Sm) 


Input Capacitance 
CISS 
VGS = OV,VOS = 25V 
- 
200 
- 
200 
pF 
f=1MHz 
Output Capacitance 
COSS 
- 
60 
- 
60 
pF 


Reverse Transfer Capacitance 
CRSS 
- 
35 
- 
35 
pF 


Turn-On OelayTime 
id(on) 
10= 1A, VOO = 100V 
10 (typ) 
25 
10 (typ) 
25 
ns 


RiseTime 
tr 
RGEN =00, 
10(typ) 
30 
10 (typ) 
30 
ns 
RGS = 6.25V. VGS = 5V 
Turn-Off OelayTime 
id(off) 
25 (typ) 
40 
25 (typ) 
40 
ns 


Fall Time 
tf 
20 (typ) 
25 
20 (typ) 
25 
ns 


Thermal Resistance Junction-to-Case 
RSJC 
- 
5 
- 
5 
°C/W 


LIMITS 


RFP2N18L 
RFP2N20L 


CHARACTERISTIC 
SYMBOLS 
TEST CONDITIONS 
MIN 
MAX 
MIN 
MAX 
UNITS 


Oiode Forward Voltage 
VSO" 
ISO=-1A 
- 
1.4 
- 
1.4 
V 


Oiode Reverse Recovery Time 
trr 
IF=2A 
200 (typ) 200 (typ) 200 (typ) 200 (typ) 
ns 
dlF/dt = 50N~s 


OPERATION 
IN THIS 
AREA 
LIMITED 
BY Rd.Con) 
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'" 
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Fig. 2 - 
Power dissipation vs. temperature derating curve 
for all types. 
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Fig. 3 - 
Typical normalized gate threshold voltage as a function 
of junction 
temperature for all types. 
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Fig. 8 - 
Typical drain-to-source 
on resistance as a function 
of drain current for all types. 
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Fig. 10 - 
Typical forward transconductance 
as a function 
of drain current for all types. 
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RFP4N051. 
RFP4N061. 
N-Channel 
Logic Level 


Power Field-Effect 
Transistors 
(L2FET) 


mHARRIS 


• 4A, 50V and 
60V 


• rDS(ON) 
= o.ao 


• Design 
Optimized 
for 
5V Gate 
Drives 


• Can be Driven 
Directly 
from 
aMOS, 
NMOS, 
TTL Circuits 


• Compatible 
with 
Automotive 
Drive 
Requirements 


• SOA 
is Power-Dissipation 
Limited 


• Nanoscecond 
Switching 
Speeds 


• Linear 
Transfer 
Characteristics 


DRAIN~ 
(FLAC a 
~ --:~~~FE 


• High 
Input 
Impedance 


• Majority 
Carrier 
Device 
Terminal Diagram 


N-CHANNEL 
ENHANCEMENT 
MODE 
Description 


The RFP4N05L 
and RFP4N06L 
are N-channel 
enhancement- 
mode 
silicon-gate 
power 
field-effect 
transistors 
designed 
for 
applications 
such 
as 
switching 
regulators, 
switching 
converters, 
motor 
drivers, 
relay 
drivers 
and 
drivers 
for 
high- 
power 
bipolar 
switching 
transistors 
requiring 
high 
speed 
and 
low gate-drive 
power. 
These 
types 
can 
be operated 
directly 
from 
integrated 
circuits. 


The RFP series 
types 
are supplied 
in the JEDEC 
TO-220AB 
plastic 
package. 


Drain-Source Voltage. 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . .. VDS 
Drain-Gate Voltage (RGS = 1MO) 
VDGR 
Continuous Drain Current 
RMS Continuous 
10 
Pulsed Drain Current 
10M 
Gate-Source Voltage 
VGS 
Maximum Power Dissipation 
TC = +250C 
Po 
Above TC = +250C, Derate Linearly 
. 
Operating and Storage Junction Temperature Range 
TJ, TSTG 


RFP4N05L 
RFP4N06L 
UNITS 


50 
60 
V 
50 
60 
V 


4 
4 
A 
10 
10 
A 
±10 
±10 
V 


25 
25 
W 
0.2 
0.2 
W/oC 
-55 to +150 
-55to+150 
°C 


LIMITS 


RFP4N05L 
RFP4N06L 


CHARACTERISTIC 
SYMBOLS 
TEST CONDITIONS 
MIN 
MAX 
MIN 
MAX 
UNITS 


Drain-Source Breakdown Vollage 
BVOSS 
10=1mA,VGS=0 
50 
- 
60 
- 
V 


Gale Threshold Vollage 
VGS(lh) 
VGS = VOS' 10 = 2mA 
1 
2 
1 
2 
V 


Zero-Gale Vollage Drain Currenl 
IDSS 
VOS=40V 
- 
1 
- 
- 
f1A 


VOS= 50V 
- 
- 
- 
1 
f1A 


TC=+1250C 
VOS=40V 
- 
50 
- 
- 
f1A 


VOS= 50V 
- 
- 
- 
50 
mA 


Gale-Source Leakage Currenl 
'GSS 
VGS=±10V,VOS=0 
- 
100 
- 
100 
nA 


Drain-Source On-Vollage 
VDS(on)* 
'0=1A,VGS=5V 
- 
0.8 
- 
0.8 
V 


'0=2A,VGS=5V 
- 
2.0 
- 
2.0 
V 


10 = 4A, VGS = 7.5V 
- 
4.8 
- 
4.8 
V 


Static Drain-Source On Resistance 
rDS(on)* 
10 = 1A,VGS = 5V 
- 
0.8 
- 
0.8 
n 


Forward Transconductance 
91s* 
10 = 1A,VDS = 10V 
800 
- 
600 
- 
Sm) 


Inpul Capacilance 
CISS 
VGS = OV,VDS = 25V 
- 
225 
- 
225 
pF 


Oulpul Capacilance 
COSS 
1= 1MHz 
- 
100 
- 
100 
pF 


Reverse Transler Capacilance 
CRSS 
- 
40 
- 
40 
pF 


Turn-On Delay Time 
1ct(on) 
10= 1A, VOD = 30V 
10 (iyp) 
20 
10 (iyp) 
20 
ns 


Rise Time 
Ir 
RGEN =00, 
65 (iyp) 
130 
65 (iyp) 
130 
ns 
RGS = 6.25V, VGS = 5V 
Turn-Off Delay Time 
1ct(off) 
20 (iyp) 
40 
20 (iyp) 
40 
ns 


Fall Time 
II 
30 (iyp) 
60 
30 (iyp) 
60 
ns 


Thermal Resislance Junclion-Io-Case 
RAJC 
- 
5 
- 
5 
°Crw 


LIMITS 


RFP4N05L 
RFP4N06L 


CHARACTERISTIC 
SYMBOLS 
TEST CONDITIONS 
MIN 
MAX 
MIN 
MAX 
UNITS 


Diode Forward Vollage 
VSO* 
ISO=1A 
- 
1.4 
- 
1.4 
V 


Diode Reverse Recovery Time 
Irr 
IF=2A 
150 (Iyp) 150 (Iyp) 150 (iyp) 150 (Iyp) 
ns 
dIF/dl= 
100NIlS 
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Fig. 2 • Power dissipation 
vs. case temperature derating curve 
for all types. 
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Fig. 4 - Normalized 
drain-to-source 
on resistance vs. junction 
temperature 
for all types. 
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Fig. 3 - Typical normalized 
gate threshold voltage as a function 


of junction 
temperature 
for all types. 
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Fig. 5 - Typical transfer characteristics 
for all types. 


Fig. 6 - Normalized switching waveforms for constant gate-current 
Refer to Harris application notes AN7254 and AN-7260. 
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Fig. 8 - Typical drain-to-source 
on resistance as a function 
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10 - Typical forward transconductance 
as a function 
of drain 
current for all types. 
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all types. 
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RFM8N181./201. 
RFP8N181./201. 
N-Channel 
Logic Level 
Power Field-Effect 
Transistors 
(L2FET) 


mHARRIS 


Features 


• 8A, 
180V 
and 
200V 


• rDS(ON) 
= 0.50 


• Design 
Optimized 
for 
5V 
Gate 
Drives 


• Can 
be Driven 
Directly 
from 
aMOS, 
NMOS, 
TTL 
Circuits 


• Compatible 
with 
Automotive 
Drive 
Requirements 


• SOA 
is Power-Dissipation 
Limited 


• Nanoscecond 
Switching 
Speeds 


• Linear 
Transfer 
Characteristics 


• High 
Input 
Impedance 


• Majority 
Carrier 
Device 


Description 


The 
RFM8N18L 
and 
RFM8N20L 
and 
the 
RFP8N18L 
and 
RFP8N20L 
are 
N-channel 
enhancmement-mode 
silicon-gate 
power 
field-effect 
transistors 
specifically 
designed 
for use with 
logic 
level 
(5V) 
driving 
sources 
in applications 
such 
as 
pro- 
grammable 
controllers, 
automotive 
switching 
and 
solenoid 
drivers. 
This 
performance 
is accomplished 
through 
a special 
gate 
oxide 
design 
which 
provides 
full 
rated 
conduction 
at gate 
biases 
in the 
3V 
- 
5V 
range, 
thereby 
facilitating 
true 
on-off 
power 
control 
directly 
from 
logic 
circuit 
supply 
voltages. 


The 
RFM 
series 
types 
are supplied 
in the JEDEC 
TO-204AA 
steel 
package 
and 
the 
RFP 
series 
types 
in the 
JEDEC 
TO- 
220AB 
plastic 
package. 
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Terminal Diagram 


N-CHANNEL 
ENHANCEMENT 
MODE 


D 


RFM8N18L 
RFM8N20L 
RFP8N18L 
RFP8N20L 


Drain-Source 
Voltage ........................ 
VDS 
180 
200 
180 
200 
Drain-Gate 
Voltage (RGS = 1MO) ............ 
VDGR 
180 
200 
180 
200 
Continuous 
Drain Current 
RMS Continuous 
............................ 
10 
8 
8 
8 
8 
Pulsed Drain Current ........................ 
10M 
20 
20 
20 
20 
Gale-Source 
Voltage 
........................ 
VGS 
±10 
±10 
±10 
±10 
Maximum Power Dissipation 
TC= 
+250C 
................................ 
Po 
75 
75 
60 
60 
AboveTc 
= +250C, DeraleLinearly 
.............. 
0.6 
0.6 
0.48 
0.48 
Operaling 
and Storage Junclion 
........... 
TJ, TSTG 
-55 to +150 
-5510+150 
-5510+150 
-5510+150 
Temperature 
Range 


UNITS 


V 
V 


W 
W/oC 
oC 


LIMITS 


CHARACTERISTIC 
SYMBOL 
TEST 
RFM8N18l 
RFM8N20l 
UNITS 
CONDITIONS 
RFP8N18l 
RFP8N20l 
MIN. 
MAX. 
MIN. 
MAX. 


Drain-Source 
Breakdown 
Voltage 
BVoos 
10=1 mA 
180 
- 
200 
- 
V 


VGs=O 


Gate 
Threshold 
Voltage 
VGs(th) 
VGs=Vos 
1 
2 
1 
2 
V 


10=1 mA 


Zero 
Gate 
Voltage 
Drain 
Current 
loss 
Vos=145 
V 
- 
1 
- 
- 


Vos=160 
V 
- 
- 
- 
1 


Tc=125°C 
pA 


Vos=145 
V 
- 
50 
- 
- 


Vos=160 
V 
- 
- 
- 
50 


Gate-Source 
Leakage 
Current 
IGss 
VGs=±10 
V 
- 
100 
- 
100 
nA 


Vos=O 


Drain-Source 
On Voltage 
Vos(on)' 
10=4 A 
- 
2.0 
- 
2.0 


VGs=5 V 
V 
10=8 A 
- 
4.6 
- 
4.6 


VGs=5 V 


Static 
Drain-Source 
On Resistance 
ros(on)' 
10=4 A 
- 
0.5 
- 
0.5 
n 
VGs=5 V 


Forward 
Transconductance 
g,,' 
Vos=10 V 
3.0 
- 
3.0 
- 
mho 


10=4 A 


Input 
Capacitance 
Ciss 
Vos=25 
V 
- 
900 
- 
900 


Output 
Capacitance 
Coso 
VGs=O V 
- 
250 
- 
250 
pF 


Reverse- Transfer 
Capacitance 
C••• 
f=1MHz 
- 
120 
- 
120 


Turn-On 
Delay 
Time 
td(on) 
Voo=50 
V 
15(typ) 
45 
15(typ) 
45 


Rise Time 
t, 
10=4A 
45(typ) 
150 
45(typ) 
150 


Rgen::::oo 
ns 


Turn-Off 
Delay 
Time 
,"(off) 
Rgs=6.25 n 
1oo(typ) 
135 
100(typ) 
135 


Fall Time 
t, 
VGs=5 V 
60(typ) 
105 
60(typ) 
105 


Thermal 
Resistance 
ReJC 
RFM8N18L. 
- 
1.67 
- 
1.67 


Junction-ta-Case 
RFM8N20L 


RFP8N18L. 
- 
2.083 
- 
2.083 
°C/W 


RFP8N20L 


liMITS 


CHARACTERISTIC 
SYMBOL 
TEST 
RFM8N18l 
RFM8N20l 
UNITS 
CONDITIONS 
RFP8N18l 
RFP8N20l 
MIN. 
I 
MAX. 
MIN. 
I 
MAX. 


Diode 
Forward 
Voltaae 
Vso 
150=4 A 
- 
I 
1.4 
- 
I 
1.4 
V 
Reverse 
Recovery 
Time 
t" 
1,=4 A 
250(typ) 
250(typ) 
ns 


dlF/d,=100 
Alps 


100. 
CASE 
TEMPERATURE 
(Tcl = 25'C 
(CURVES 
MUST 
BE DERATED 
o 
LINEARLY 
WITH 
INCREASE 


IN TEMPERATURE) 


6 
8 
6 
8 


10 
100 


DRAIN-TO-SOURCE 
VOLTAGE 
- (VDS) - V 


o 
50 
100 
I~O 


JUNCTION 
TEMPERATURE 
CTJ)--C 


92CS-37211 
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Fig. 2 - 
Power vs. temperature derating curve lor 
all types. 


Fig. 3 - 
Typical normalized gate threshold voltage as a lunction 
01junction temperature for all types_ 


I 
vOS.IOV 


PULSE 
TEST 
PULSE 
DURATION "80~s 
DUTY 
CYCLE 
~ 2 % 


I 
2 
3 


GATE-IO-SOURCE 
VOLTAGE (VGsl-V 


92CS-37221 


010 


JUNCTION 
TEtoAPERATURE (TJ 
J_·C 


9ZCS- 37220 


Fig. 4 - 
Normalized drain-to-source on resistance to 
junction temperature lor all types. 


RL = 250 


IG IREF) 
= 0.45 
mA 


VGS= 
5 V 


Fig. 6 - Normalized switching waveforms for constant gate-current. 
Refer to Harris application notes AN7254 and AN-7260. 


Fig. 8 - 
Typical drain-to-source 
on resistance as a function 
of drain current for all types. 


Fig. 10 - 
Typical forward transconductance 
as a function 
of drain current for all types. 


PULSE 
TEST 
PULSE 
DURATION ·eo~. 


DUTY 
CYCLE:5 
2 % 
CASE 
TEMPERATURE 
(TC)·2~·C 


20 


I 
2 
3 
4 
5 
6 


CRAIN-TO-SOURCE 
VOLTAGE (Vcsl-V 


92CS-31223 


FREQUENCY 
(f) = 1 MHz 


~ 
!5oo 
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;400 
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Fig. 9 - 
Capacitance as a function of drain-to-source 
voltage for all types. 
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RFM10N121./151. 
RFP10N121./151. 


N-Channel 
Logic Level 


Power Field-Effect 
Transistors 
(L2FET) 


(II HARRIS 


• 10A, 
120V 
and 
1S0V 


• rDSION) 
= 0.30 


• Design 
Optimized 
for 
SV Gate 
Drives 


• Can be Driven 
Directly 
from 
aMOS, 
NMOS, 
TTL Circuits 


• Compatible 
with 
Automotive 
Drive 
Requirements 


• SOA 
is Power-Dissipation 
Limited 


• Nanoscecond 
Switching 
Speeds 


• Linear 
Transfer 
Characteristics 


• High 
Input 
Impedance 


• Majority 
Carrier 
Device 


Description 


The RFM10N12L 
and 
RFM10N15L 
and the RFP10N12L 
and 
RFP10N15L 
are 
N-channel 
enhancmement-mode 
silicon- 
gate 
power 
field-effect 
transistors 
designed 
for 
applications 
such as switching 
regulators, 
switching 
converters, 
motor driv- 
ers, relay drivers 
and drivers 
for high-power 
bipolar 
switching 
transistors 
requiring 
high 
speed 
and 
low 
gate-drive 
power. 
These types 
can be operated 
directly 
from integrated 
circuits. 


The RFM series 
types 
are supplied 
in the JEDEC 
TO-204AA 
steel 
package 
and 
the 
RFP series 
types 
in the JEDEC 
TO- 
220AB 
plastic 
package. 


DRAIN 
SOU~LANGE)o 
GATE 


TO-220AB 
TOP VIEW 


DRAIN~ 
(FLA~GE) 0 
~=~: 
~~~I~CE 
l-+ 
-~==>.GATE 


Terminal 
Diagram 


N-CHANNEL 
ENHANCEMENT 
MODE 


D 


RFM10N12L 
RFM10N15L 
RFP10N12L 
RFP10N15L 


Drain-Source Voltage ........................ 
VDS 
120 
150 
120 
150 
Drain-Gate Voltage (RGS = 1MO) ............ 
VDGR 
120 
150 
120 
150 
Continuous Drain Current 
RMS Continuous ............................ 
10 
10 
10 
10 
10 
Pulsed Drain Current. ....................... 
10M 
25 
25 
25 
25 
Gate-SourceVo~age 
........................ 
VGS 
±10 
±10 
±10 
±10 
Maximum Power Dissipation 
TC = +250C ................................ 
Po 
75 
75 
60 
60 
AboveTc 
= +250C, Derate Linearly ............. 
0.6 
0.6 
0.48 
0.48 
Operating and Storage Junction ........... 
TJ, TSTG 
-55to 
+150 
-55to+150 
-55to+150 
-55to+150 


Temperature Range 


UNITS 


V 


V 


W 
WloC 
°c 


LIMITS 


TEST 
RFM10N12L 
RFM10N15L 


CHARACTERISTIC 
SYMBOL 
CONDITIONS 
RFP10N12L 
RFP10N15L 
UNITS 


MIN. 
MAX. 
MIN. 
MAX. 


Drain-Source 
Breakdown 
BVoss 
10 = 1 mA 
120 
- 
150 
- 
V 


VoltaQe 
VGS= 0 


Gate-Threshold 
Voltage 
VGSlthl 
VGS= Vos 
1 
2 
1 
2 
V 


10 = 2 mA 


Zero-Gate 
Voltage Drain 
loss 
Vos=100V 
- 
1 
- 
- 


Current 
Vos=120V 
- 
- 
- 
1 


Tc = 125°C 
pA 


Vos=100V 
- 
50 
- 
- 


Vos=120V 
- 
- 
- 
50 


Gate-Source 
Leakage Current 
IGSS 
VGS= ±10 V 
- 
100 
- 
100 
nA 


Vos = 0 


Drain-Source 
On Voltage 
VOS(OnI8 
10 = 5 A 
- 
1.5 
- 
1.5 


VGS= 5 V 
V 


10 = 10 A 
- 
4 
- 
4 


VGS= 5 V 


Static Drain-Source 
On 
roslon,8 
10 = 5 A 
- 
0.3 
- 
0.3 
n 


Resistance 
VGS= 5 V 
Forward Transconductance 
gfsa 
Vos=10V 
4.0 
4.0 
- 
- 
mho 
10 = 5 A 


Input Capacitance 
Ciss 
Vos = 25 V 
- 
1200 
- 
1200 


Output Capacitance 
C05S 
VGS= 0 V 
- 
250 
- 
250 
pF 


Reverse-Transfer 
Capacitance 
erss 
f = lMHz 
- 
120 
- 
120 


Turn-On 
Delay Time 
t:tlonl 
Voo = 75 V 
15(typ) 
60 
15(typ) 
60 


Rise Time 
t, 
10 = 5 A 
50(typ) 
135 
50(typ) 
135 
Rgen = 00 
ns 


Turn-Off 
Delay Time 
tdloffl 
Ros= 6.25 n 
90(typ) 
135 
90(typ) 
135 


Fall Time 
tf 
VGS= 5 V 
90(typ) 
135 
90(typ) 
135 


Thermal Resistance 
R8Jc 
RFM10N12L, 


Junction-to-Case 
- 
1.67 
- 
1.67 
RFM10N15L 
°C/W 


RFP10N12L, 
2.083 
2.083 
- 
- 
RFP10N15L 


LIMITS 


RFM10N12L 
RFM10N15L 
CHARACTERISTIC 
SYMBOL 
TEST CONDITIONS 
RFP10N12L 
RFP10N15L 
UNITS 


MIN. 
MAX. 
MIN. 
MAX. 


Diode Forward Voltage 
Vsoa 
Iso = 5A 
- 
1.4 
- 
1.4 
V 


Reverse Recovery Time 
t" 
IF= 4A, dlFld, = 100 AI J1S 
150 (typ.) 
150 (typ.) 
ns 
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w •.•• 
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....0 
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Z< 
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8 
CASE 
TEMPERATURE 
(TCl. 
25 
"C 


• 
(CURVES 
MUST 
BE 
DERATED 
LINEARLY 
WITH 
INCREASE 
IN 


4 
TEMPERATURE 
l 


o 
50 
100 


JUNCTION 
TEMPERATURE 
(TJI-·C 


92CS-381!l8 


Fig. 3 - Typical normalized 
gate threshold voltage as a function 
of junction 
temperature 
for all types. 
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VOS-IOV 


PULSE 
TEST 
PULSE 
DURATlON-80,...s 
DUTY 
CYCLE ~ 2% 


I 
2 
, 


GATE-lO-SOURCE 
VOLTAGE 
(VGS)-V 


92C5-38160 


Fig. 4 - Normalized 
drain-to-source 
on resistance vs. junction 
temperature 
for all types. 


RL = 15 n 
la (REF) = 0.45 
mA 


Vas = 5 V 


Fig. 6 - Normalized switching waveforms tor constant gate-current 
Refer to Harris application notes AN7254 and AN-7260. 
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Fig. 8 - Typical drain-to-source 
on resistance as a function 
drain current for all types. 
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Fig. 10 - Typical forward transconductance 
as a function of drain 
current for all types. 
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Fig. 9 - Capacitance as a function of drain-to-source 
voltage for 
all types. 
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75V 


RFD12N06RL~ 
RFD12N06RLESM 


RFP12N06RL~ 
RFD3055RLE 


RFD3055RLESM, 
RFP3055RLE 


N-Channel Logic Level Enhancement-Mode 
Power Field-Effect Transistors (MegaFETs) 


mHARRIS 


Features 


• 12A, 
60V 


• rDS(on) 
= 0.1350 
(12N06) 


• rDS(on) 
= 0.1800 
(3055) 


• Electrostatic 
Discharge 
Rated 


• UIS SOA 
Rating 
Curve 
(Single 
Pulse) 


• Design 
Optimized 
for 
SV Gate 
Drive 


• Can be Driven 
Directly 
from 
CMOS, 
NMOS, 
TTL 
Circuits 


• Compatible 
with 
Automotive 
Drive 
Requirements 


• SOA 
is Power-Dissipation 
Limited 


• Nanosecond 
Switching 
Speeds 


• Linear 
Transfer 
Characteristics 


• High 
Input 
Impedance 


• Majority 
Carrier 
Device 


Description 


These 
N-channellogic-Ievel 
ESD protected 
power 
MOSFETs 


are manufactured 
using 
the MegaFET 
process. 
This 
process, 
which 
uses feature 
sizes 
approaching 
those 
of LSI integrated 
circuits, 
gives 
optimum 
utilization 
of 
silicon, 
resulting 
in 
outstanding 
performance. 
They 
were 
designed 
for 
use 
with 
logic-level 
(5V) 
driving 
sources 
in 
applications 
such 
as 
programmable 
controllers, 
automotive 
switching, 
switching 
regulators, 
switching 
converters, 
motor 
drivers, 
relay 
drivers 


and emitter 
switches 
for bipolar 
transistors. 
This performance 
is accomplished 
through 
a special 
gate 
oxide 
design 
which 
provides 
full 
rated 
conductance 
at gate 
biases 
in the 3V - 5V 
range, 
thereby 
facilitating 
true 
on-off 
power 
control 
directly 
from 
logic 
circuit 
supply 
voltages. 


The 
RFD12N06RLE 
and 
RFD3055RLE 
are 
supplied 
in the 
JEDEC 
TO-251, 
RFD12N06RLESM 
and 
RFD3055RLESM 
in 
the JEDEC 
TO-252, 
and RFP12N06RLE 
and RFP3055RLE 
in 
the JEDEC 
TO-220AB 
plastic 
package. 


Packages 


RFD12N06RLE,RFD3055RLE 
TO-251 
TOP VIEW 
Ol~ :SDORAIURNCE 


D~~~_ 
:::~= 
__:=__:=__:~_: 
GATE 


RFD12N06RLESM,RFD3055RLESM 
TO-252 
TOP VIEWQ 


SOURCE 


D~~~--+ 
DR~N 


GATE 


RFP12N06RLE,RFP3055RLE 
TO-220AB 
TOP VIEW 


Terminal Diagram 


N-CHANNEL 
ENHANCEMENT 
MODE 
o 


Drain-Source Voltage 
VDS 
Drain-Gate Voltage (RGS = 1MCI) 
VDGR 
Continuous Drain Current 
RMS Continuous 
10 


Pulsed Drain Current 
IDM 
Gate-Source Voltage 
VGS 
Maximum Power Dissipation 
TC = +250C 
Po 
Above TC = +250C, Derate Linearly 
. 


Single Pulse Avalanche Rating, Refer to UIS SOA Curve Electrostatic Discharge Rating, 
. 


ESD, MIL-STD-883, 
Category 6(2) 
Operating and Storage Junction Temperature Range 
TJ, TSTG 


UNITS 
60 
V 
60 
V 


12 
A 
26 
A 
+10 
-5V 


40 
W 
0.32 
W/oC 
2 
KV 


-55to+150 
°C 


RFD12N06RLE, 
RFD12N06RLESM, 
RFP12N06RLE, 
RFD3055RLE, 
RFD3055RLESM, 
RFP3055RLE 


LIMITS 


RFD12N06RLE 
CHARACTERISTIC 
TEST CONDITIONS 
RFD12N06RLESM 
UNITS 
RFP12N06RLE 


Min 
Max 


Drain-Source 
BVoss 
10 = 0.25 mA 
60 
- 
Breakdown Voltage 
VGS= 0 V 


Gate Threshold 
VGSlth) 
VGS= Vos 
1 
2 
V 


Voltage 
10= 0.25 mA 


Zero Gate Voltage 
loss 
Vos = 60 V, VGS= 0 V 
- 
1 
Drain Current 
Tc = 150°C 
- 
50 


Gate-Source 
IGSS 
VGs=+10V 
- 
10 
jlA 


Leakage Current 
VGS= -5 V 
- 
10 


On Resistance 
rOSIOn) 
VGS= 5.0 V, 10 = 12 A 
- 
0.135 
0 
VGS= 4.0V, 10= 12A 
- 
0.160 


Turn-On Time 
tionl 
See Fig. 13 
- 
60 


Turn-On 
Delay Time 
tdlonl 
Voo = 30 V, 10= 6 A 
12 (typ) 
- 


Rise Time 
t, 
RL = 5.0 0 
20 (typ) 
- 
ns 
Turn-Off 
Delay Time 
tdloffl 
Ig1 = Ig2 = 0.4 A 
24 (typ) 
- 


Fall Time 
tf 
VGS,clamp,= 
+5 V, -0.6 V 
12 (typ) 
- 


Turn-Off 
Time 
tloffl 
- 
60 


Total Gate 
QgftOt) 
VGS= 0-10 V 
Voo = 48 V 
- 
40 
Charge 
10 = 12 A 
Gate Charge 
Q9'5' 
VGS= 0-5 V 
RL = 4.0 0 
- 
20 
nC 
at 5 Volts 


Threshold Gate 
Qglthl 
VGs=0-1V 
- 
1.5 


Charge 


Plateau Voltage 
VCplateaul 
10 = 12 A, Vos = 15 V 
- 
4.0 
V 


Turn-Off 
Energy 
Eon 
Voo = 30 V, 10 = 6 A 
- 
10 
jlJ 
Loss per Cycle 
L = 0.2 uH, Ig1 = Ig2 = 0.4 A 
VGS,clamp, 
= +5.0 V, -0.6 V 
RL = 5.0 0 


Thermal Resistance 
R8JC 
- 
3.125 
Junction to Case 


Thermal Resistance 
R8JA 
TO-251 & TO-252 packages 
- 
100 
°C/W 


Junction to Ambient 
TO-220 package 
- 
80 


Forward Voltage 
Vso 
Iso = 12A 
- 
1.2 
V 


Reverse Recovery 
trr 
IF= 12 A 
- 
200 
ns 
Time 
dlF/dt = 100 A/jlS 


RFD 12N06RLE, RFD 12N06RLESM, 
RFP 12N06RLE, 
RFD3055RLE, 
RFD3055RLESM, 
RFP3055RLE 


LIMITS 


RFD3055RLE 


CHARACTERISTIC 
TEST CONDITIONS 
RFD3055RLESM 
UNITS 


RFP3055RLE 


Min 
Max 


Drain-Source 
BVoss 
10 = 0.25 mA 
60 
- 


Breakdown 
Voltage 
VGS= 0 V 


Gate 
Threshold 
VGSlthl 
VGS = Vos. 10 = 0.25 mA 
1 
2 
V 


Voltage 
Tj = 150°C 
0.6 
1.6 


Zero 
Gate 
Voltage 
loss 
Vos = 60 V, VGS = 0 V 
- 
1 


Drain 
Current 
Tc = 150°C 
- 
50 


Gate-Source 
IGss 
VGS = +10 V 
- 
10 
fJA 


Leakage 
Current 
VGS = -5 V 
- 
10 


On Resistance 
rOSlonl 
VGS = 5.0 V, 10 = 6 A 
- 
0.180 
n 


Turn-On 
Delay 
Time 
tdlonl 
See Fig. 14 
15 (typ) 
- 


Rise Time 
t, 
Voo = 25 V, 10 = 6 A 
55 (typ) 
- 
ns 


Turn-Off 
Delay 
Time 
tdlOft) 
VGS= 5.0 V, RL = 4.17 n 
80 (typ) 
- 


Fall Time 
tf 
Rgon = RGS = 50 n 
50 (typ) 
- 


Total 
Gate 
Charge 
Qg 
Vos = 48 V, 10 = 12 A 
11 (typ) 
17 


Gate 
Source 
Charge 
Qg. 
VGS= 5 V 
4 (typ) 
- 
nC 


Gate 
Drain 
Charge 
Q90 
RL = 4.0 n 
7 (typ) 
- 


Plateau 
Voltage 
V'PlateaU) 
10=12A,Vos=15V 
- 
5.0 
V 


Turn-Off 
Energy 
Eoff 
Voo = 30 V, 10= 6 A 
- 
10 
fJJ 
Loss 
per Cycle 
L = 0.2 uH, 
Igl 
= Ig2 = 0.4 A 
VGS{ctamPI= +5.0 V, -0.6 V 
RL = 5.0 n 


Thermal 
Resistance 
R8JC 
- 
3.125 
Junction 
to Case 


Thermal 
Resistance 
R8JA 
TO-251 
& TO-252 
packages 
- 
100 
°CIW 


Junction 
to Ambient 
TO-220 
package 
- 
80 


Forward 
Voltage 
Vso 
Iso= 
12A 
- 
1.2 
V 


Reverse 
Recovery 
tn 
IF = 12 A 
- 
200 
ns 
Time 
dlF/dt 
= 100 AlflS 


RFD12N06RLE, 
RFD12N06RLESM, 
RFP12N06RLE, 
RFD3055RLE, 
RFD3055RLESM, 
RFP3055RLE 
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Fig. 1 - Safe-operating 
area curve. (Curves must be derated 
linearly with increase in case temperature.) 
Fig. 2 - Vnclamped-inductive-switching. 
Safe-operating-area. 
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Fig. 10- Normalized 
drain source breakdown 
voltage vs. 


temperature. 
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Fig. 12 - Typical switching waveforms for constant gate current 


Refer to Harris application notes AN7254 and AN-7260. 
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RFM 12N081-/1 
01- 


RFP12N081-/101- 


N-Channel 
Logic Level 


Power Field-Effect 
Transistors 
(L2FET) 


mHARRIS 


• 12A, 
80V 
and 
100V 


• rDS(ON) = 0.20 


• Design 
Optimized 
for 
5V Gate 
Drives 


• Can be Driven 
Directly 
from 
aMOS, 
NMOS, 
TTL Circuits 


• Compatible 
with 
Automotive 
Drive 
Requirements 


• SOA 
is Power-Dissipation 
Limited 


• Nanoscecond 
Switching 
Speeds 


• Linear 
Transfer 
Characteristics 


• High 
Input 
Impedance 


• Majority 
Carrier 
Device 


Description 


The RFM12N08L 
and RFM12N10L 
and the RFP12N08L 
and 
RFP12N10L 
are 
N-channel 
enhancmement-mode 
silicon- 
gate 
power 
field-effect 
transistors 
specifically 
designed 
for 
use with logic level (5V) driving 
sources 
in applications 
such as 
programmable 
controllers. 
automotive 
switching 
and solenoid 
drivers. 
This 
performance 
is accomplished 
through 
a special 
gate oxide 
design 
which 
provides 
full rated conduction 
at gate 
biases 
in the 
3V - 
5V range, 
thereby 
facilitating 
true 
on-off 
power 
control 
directly 
from 
logic 
circuit 
supply 
voltages. 


The RFM series 
types 
are supplied 
in the JEDEC 
TO-204AA 
steel 
package 
and the 
RFP series 
types 
in the JEDEC 
TO- 
220AB 
plastic 
package. 


Because 
of 
space 
limitations 
branding 
(marking) 
on 
type 
RFP12N08L 
is 
F12N08L 
and 
on 
type 
RFP12N10L 
is 
F12N10L. 


DRAIN 
SOU~LANGE)o 
GATE 


TO-220AB 
TOP VIEW 


DRAIN~ 
(FLANGE) 0 
_ :~~~I~CE 
L 
_----GATE 


Terminal Diagram 


N-CHANNEL 
ENHANCEMENT 
MODE 


RFM12N08L 
RFM12N10L 
RFP12N08L 
RFP12N10L 


Drain-Source Voltage. . . . . . . . . . . . . . . . . . . . . . .. 
VDS 
80 
100 
80 
100 
Drain-Gate Voltage (RGS = 1MOl ............ 
VDGR 
80 
100 
80 
100 
Continuous Drain Current 
RMS Continuous ............................ 
10 
12 
12 
12 
12 
Pulsed Drain Current. ....................... 
IDM 
30 
30 
30 
30 
Gate-Source Voltage 
........................ 
VGS 
±10 
±10 
±10 
±10 
Maximum Power Dissipation 
TC = +250C ................................ 
Po 
75 
75 
60 
60 
Above TC = +250C. Derate Linearly ............. 
0.6 
0.6 
0.48 
0.48 


Operating and Storage Junction ........... 
TJ. TSTG 
-55to+150 
-55to+150 
-55 to +150 
-55to+150 


Temperature Range 


UNITS 


V 
V 


W 
W/oC 
oC 


LIMITS 


CHARACTERISTIC 
SYMBOL 
TEST 
RFM12N08L 
RFM12N10L 
UNITS 
CONDITIONS 
RFP12N08L 
RFP12N10L 
MIN. 
MAX. 
MIN. 
MAX. 


Drain-Source 
Breakdown 
Voltage 
BVoos 
10=1 mA 
80 
- 
100 
- 
V 
VGs=O 


Gate Threshold 
Voltage 
VGs(th) 
VGs=Vos 
1 
2 
1 
2 
V 
10=1 mA 


Zero 
Gate Voltage 
Drain 
Current 
loss 
Vos=65 V 
- 
1 
- 
- 
Vos=80 V 
- 
- 
- 
1 


Tc=125°C 
IJA 
Vos=65 V 
- 
50 
- 
- 
Vos=80 V 
- 
- 
- 
50 


Gate-Source 
Leakage 
Current 
IGSS 
VGs=±10 
V 
- 
100 
- 
100 
nA 
Vos=O 


Drain-Source 
On Voltage 
Vos(on)8 
10=6A 
- 
1.2 
- 
1.2 
VGs=5 V 
V 
10=12 A 
- 
3.3 
- 
3.3 
VGs=5 V 


Slatic 
Drain-Source 
On Resistance 
ros(on)8 
10=6A 
- 
0.2 
- 
0.2 
n 
VGs=5 V 


Forward 
Transconductance 
g,,8 
Vos=10 V 
4.0 
- 
4.0 
- 
mho 
10=6 A 


Input 
Capacitance 
C;ss 
Vos=25 V 
- 
900 
- 
gOO 


Outpul 
Capacilance 
Coso 
VGs=O V 
- 
325 
- 
325 
pF 


Reverse-Transfer 
Capacilance 
C ••• 
f=1MHz 
- 
170 
- 
170 


Turn-On 
Delav 
Time 
Id(on) 
Voo=50 V 
1511vo] 
50 
1511vo) 
50 
Rise Time 
I, 
10=6 A 
7011vo] 
150 
7011vo) 
150 
Rgen=oo 
ns 
Turn-Off 
Delay 
Time 
Id(off) 
R•• =6.25 n 
100(typ 
130 
1oo(typ) 
130 


Fall Time 
tf 
VGs=5 V 
80(typ) 
150 
80(typ) 
150 


Thermal 
Resistance 
Rl/JC 
RFM12N08L. 
- 
1.67 
- 
1.67 
Junction-to-Case 
RFM12N10L 


RFP12N08L. 
- 
2.083 
- 
2.083 
°CIW 


RFP12N10L 


LIMITS 


CHARACTERISTIC 
SYMBOL 
TEST 
RFM12N08L 
RFM12N10L 
UNITS 
CONDITIONS 
RFP12N08L 
RFP12N10L 
MIN. 
I 
MAX. 
MIN. 
I 
MAX. 
Diode 
Forward 
Voltaqe 
Vso 
Iso=6 A 
- 
I 
1.4 
- 
I 
1.4 
V 
Reverse 
Recovery 
Time 
I" 
1.=4 A 
150(typ) 
150(typ) 
ns 
dlF/dt=100 
A/JJS 


468 
68 
468 
10 
100 
1000 
ORAIN-TO-SOURCE 
VOLTAGE 
(VOS)-V 


92CS-37392 


Fig. 1 - 
Maximum operating areas (or all types. 
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o 
50 
100 
150 
J UNCTION 
TEMPERATURE 
{T J}_. 
C 
92CS-37212 
Fig. 4 - 
Normalized drain-to-source 
on resistance to 
junction 
temperature (or all types. 
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VOlTAGE(VGS)-V 


92CS-37213 


RL = 8.33 


IG (REF) 
= 0.56 
mA 


VGS 
= 5V 


Fig. 6 - Normalized sWitching waveforms for constant gate-current 
Refer to Harris application notes AN7254 and AN-7260. 


Fig. 8 - 
Typical drain-to-source 
on resistance as a function 
of drain current lor all types. 
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Fig. 10 - 
Typicallorward 
transconductance 
as a function 
of drain current for all types. 
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Fig. 9 - 
Capacitance as a function of drain-to-source 
voltage lor all types. 
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mHARRIS 
RFD14N051./05I.SM 


RFP14N051. 


N-Channel Logic Level Enhancement-Mode 
Power Field-Effect Transistors (MegaFETs) 


• 14A, 50V 


• rDS(on) = 0.1000 


• UIS SOA Rating 
Curve (Single 
Pulse) 


• Design 
Optimized 
for 5V Gate Drive 


• Can be Driven Directly 
from CMOS, NMOS, TTL Circuits 


• Compatible 
with Automotive 
Drive Requirements 


• SOA is Power-Dissipation 
Limited 


• Nanosecond 
Switching 
Speeds 


• Linear Transfer 
Characteristics 


• High Input 
Impedance 


• Majority 
Carrier 
Device 


• Operating 
Temperature 
•••••••••••••••••••••• 
+1500C 


Description 


The RFD14N05L, 
RFD14N05LSM 
and RFP14N05L 
N-Chan- 
nel logic level power MOSFETs are manufactured 
using the 
MegaFET process. This process, which uses feature sizes ap- 
proaching those of LSI integrated circuits gives optimum utili- 
zation of silicon, 
resulting in outstanding 
performance. They 
were designed for use with logic-level 
(5V) driving sources in 
applications 
such 
as programmable 
controllers, 
automotive 
switching, 
switching 
regulators, 
switching 
converters, 
motor 
relay drivers, and emitter switches for bipolar transistors. This 
performance is accomplished 
through a special gate oxide de- 
sign which provides full rated conductance 
at gate biases in 
the 3V - 5V range, thereby facilitating true on-off power control 
directly from logic circuit supply voltages. 


The RFD14N05L 
is supplied 
in the JEDEC TO-251 
plastic 
package, the RFD14N05LSM 
in the JEDEC TO-252 
plastic 
package and the RFP14N05L in the JEDEC TO-220AB 
plastic 
package. 


RFD14N05L 
TO-251 
TOP VIEW 


SOURCE 


DRAIN 


GATE 


RFD14N05LSM 
TO-252 
TOP VIEW 


RFP14N05L 
TO-220AB 
TOP VIEW 


Terminal Diagram 


N-CHANNEL ENHANCEMENT MODE 


PICft1F/ 
o 14N05lJ 
FN224604.gem S 


Drain-SourceVoltage 
VDS 
Drain-GateVoltage(RGS= 1MOl 
VDGR 
ContinuousDrainCurrent 
RMSContinuous 
ID 
PulsedDrainCurrent. 
IDM 
Gate-SourceVoltage 
VGS 
MaximumPowerDissipation 
TC= +250C 
PD 
AboveTC= +250C, DerateLinearly 
. 


SinglePulseAvalancheRating 
. 
Operatingand StorageJunctionTemperatureRange 
TJ'TSTG 


UNITS 
V 
V 


40 
0.32 
Referto UISSOA Curve 


-55 to +150 


CHARACTERISTIC 
TEST CONDITIONS 
LIMITS 
UNITS 
MIN. 
MAX. 
Drain-Source 
Breakdown 
Voltage 
BVoss 
10 - 0.25 mA, Vas - 0 V 
50 
- 
V 
Gate-Threshold 
Voltage 
Vas(th) 
Vas - Vos, 10 - 0.25 mA 
1 
2 


Zero-Gate 
Voltage Drain Current 
Vos = 40 V, Vas - 0 V 
- 
1 
pA 
loss 
Tc = 150·C 
- 
50 
Gate-Source 
Leakage Current 
lass 
Vas = ±10 V, Vos = 0 V 
- 
100 
nA 


10 - 14 A, Vas - 5 V 
- 
0.1 
n 
Static Drain-Source 
On-Resistance 
ros(on) 
10 - 14 A, Vas - 4 V 
0.12 
- 
Turn-On 
Time 
t(on) 
Voo = 25 V, 10 = 7 A 
- 
60 
Turn-On 
Delay Time 
Io(on) 
1., = 1.2 = 0.4 A 
- 
13 (typ.) 
Rise Time 
t, 
Vas(clamp) 
+5 V, -0.6 V 
- 
24 (typ.) 
Turn-Off 
Delay Time 
to(off) 
Rl = 3.57 n 
42 (typ.) 
ns 
- 
Fall Time 
tf 
(See Figs. 10 & 11) 
- 
16 (typ.) 
Turn-Off 
Time 
t(off) 
- 
100 
Total Gate Charge 
O.(total) 
Voo = 40 V 
Vas - 0-10 V 
- 
40 
Gate Charge at 5 V 
0.(5) 
10 = 14 A 
Vas - 0-5 V 
- 
25 
nC 
Threshold 
Gate Charge 
O.(th) 
Rl = 2.86 n 
Vas = 0-1 V 
- 
1.5 
Plateau Voltage 
V(plateau) 
10 = 14 A, Vos = 15 V 
- 
4 
V 
Voo = 25 V, 10 = 7 A, L = 0.2pH, 
Turn-Off 
Energy Loss Per Cycle 
Eo« 
Rl = 3.57 n, 1., = 1.2 = 0.2 A, 
- 
14 
pJ 
V"s(clamp) 
+5 V, -0.6 V 
Thermal 
Resistance, Junction-to-Case 
R/iJc 
- 
3.125 


Thermal 
Resistance, Junction-to-Ambient 
TO-251 & TO-252 
- 
100 
·C/W 
R9JA 
TO-220 
- 
80 


CHARACTERISTIC 
TEST CONDITIONS 
LIMITS 
UNITS 
MIN. 
MAX. 
Diode Forward Voltage 
Vso 
Iso - 14 A 
- 
1.5 
V 
Reverse Recovery Time 
too 
IF= 14 A, dIF/d,- 
100 Alps 
- 
125 
ns 


10 MAX <dONTIJUOU:Sl 
./ 
t-..... 


DC 
OPERATION 
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~ 
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IS ILiMITfD 
B1Y 
RldS~.IJ 
!/4rto"" 
I II 


---........ 
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Fig. 1 - Safe-operating-area 
curve. (Curves must be derated 
linearly 
with increase 
in case remperature.) 
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switching 
waveforms 
for constant 
gate- 
current. Refer to Harris application notes AN7254 and 
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RFM15N05L/06L 
RFP15N05L/06L 
N-Channel 
Logic Level 


Power Field-Effect 
Transistors 
(L2FET) 


mHARRIS 


Features 


• 15A, 50V and 60V 


• rDS(ON) = 0.140 


• Design Optimized for 5V Gate Drives 


• Can be Driven Directly from aMOS, NMOS, TTL Circuits 


• Compatible with Automotive 
Drive Requirements 


• SOA is Power-Dissipation 
Limited 


• Nanoscecond Switching Speeds 


• Linear Transfer Characteristics 


• High Input Impedance 


• Majority Carrier Device 


Description 


The RFM15N05L and RFM15N06L and the RFP15N05L and 
RFP15N06L are N-channel enhancmement-mode silicon- 
gate power field-effect transistors specifically designed for ap- 
plications such as switching regulators, switching converters, 
motor drivers, relay drivers and drivers for high-power bipolar 
switching transistors requiring high speed and low gate-drive 
power. These types can be operated directly from integrated 
circuits. 


The RFM series types are supplied in the JEDEC TO-204AA 
steel package and the RFP series types in the JEDEC TO- 
220AB plastic package. 


Because of space limitations branding (marking) on type 
RFP15N05L 
is 
F15N05L 
and 
on 
type 
RFP15N06L is 
F15N06L. 
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Terminal Diagram 


N-CHANNEL 
ENHANCEMENT 
MODE 


RFM15N05L 
RFM15N06L 
RFP15N05L 
RFP15N06L 


Drain-Source Voltage. . •. . . . . . . . . . . . . . . . . . . .. 
VDS 
50 
60 
50 
60 
Drain-Gate Voltage (RGS = 1MO) ............ 
VOGR 
50 
60 
50 
60 
Continuous Drain Current 
RMS Continuous ••......••.....•••.......... 
10 
15 
15 
15 
15 
Pulsed Drain Current. •...•••••.......•...... 
10M 
40 
40 
40 
40 
Gate-Source Voltage •••...•••.•..•....•..... 
VGS 
±10 
±10 
±10 
±10 
Maximum Power Dissipation 
TC = +250C .....••.........•............... 
Po 
75 
75 
60 
60 
Above TC = +250C, Derate Linearly ............. 
0.6 
0.6 
0.48 
0.48 
Operating and Storage Junction ........... 
TJ' TSTG 
-55to+150 
-55to+150 
-55to+150 
-55 to +150 
Temperature Range 


UNITS 


V 
V 


W 
WloC 
°C 


~ 
..••w 
w 
••• 
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wo 
...• ~ 
~a: 
CJw 
03: 
...• 
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a. 


LIMITS 


TEST 
RFM15N05L 
RFM15N06L 
CHARACTERISTIC 
SYMBOL 
CONDITIONS 
RFP15N05L 
RFP15N06L 
UNITS 


MIN. 
MAX. 
MIN. 
MAX. 


Drain-Source 
Breakdown 
BVoss 
10 = 1 mA 
50 
- 
60 
- 
V 


Voltage 
VGS= 0 


Gate-Threshold 
Voltage 
VGSfthi 
VGS= Vos 
1 
2 
1 
2 
V 


10 = 1 mA 


Zero-Gate 
Voltage Drain 
loss 
Vos = 40 V 
- 
1 
- 
- 


Current 
Vos = 50 V 
- 
- 
- 
1 


Tc = 125°C 
pA 


Vos = 40 V 
- 
50 
- 
- 


Vos = 50 V 
- 
- 
- 
50 


Gate-Source 
Leakage Current 
IGss 
VGs=±10V 
- 
100 
- 
100 
nA 


Vos = 0 


Drain-Source 
On Voltage 
VOSlonl8 
10 = 7.5 A 
- 
1.05 
- 
1.05 


VGS= 5 V 
V 


10 = 15 A 
- 
3.0 
- 
3.0 


VGS= 5 V 


Static Drain-Source 
On 
rOSlon,8 
10 = 7.5 A 
- 
0.14 
- 
0.14 
n 


Resistance 
VGS= 5 V 
Forward Transconductance 
g'08 
Vos = 10 V 


10 = 7.5 A 
4.0 
- 
4.0 
- 
mho 


Input Capacitance 
Ciss 
Vos = 25 V 
- 
900 
- 
900 


Output Capacitance 
Coss 
VGS= 0 V 
- 
450 
- 
450 
pF 


Reverse- Transfer Capacitance 
Gras 
f =1 MHz 
- 
200 
- 
200 


Turn-On 
Delay Time 
tdlonl 
Voo = 30 V 
16(typ) 
40 
16(typ) 
40 


Rise Time 
t, 
10 = 7.5 A 
250(typ) 
325 
250(typ) 
325 


Turn-Off 
Delay Time 
Agen = 00 
ns 


tdlOttl 
Rgo = 6.25 n 
200(typ) 
325 
200(typ) 
325 


Fall Time 
t, 
VGS= 5 V 
225(typ) 
325 
225(typ) 
325 


Thermal Resistance 
Rl/JC 
RFM15N05L, 
- 
1.67 
- 
1.67 
Junction-to-Case 
RFM15N06L 
°C/W 


RFP15N05L, 
2.083 
2.083 
- 
- 
RFP15N06L 


LIMITS 


RFM15N05L 
RFM15N06L 
CHARACTERISTIC 
SYMBOL 
TEST CONDITIONS 
RFP15N05L 
RFP15N06L 
UNITS 


MIN. 
MAX. 
MIN. 
MAX. 


Diode Forward Voltage 
Vs08 
Iso = 7.5A 
- 
1.4 
- 
1.4 
V 


Reverse Recovery Time 
t" 
IF= 4A, dlF/d, = 100Alps 
225 (typ.) 
225 (typ.) 
ns 


Fig. 2 - Power dissipation 
vs. case temperature derating curve 
for all types. 
Fig. 3 - Typical normalized gate threshold voltage as a function 
of junction 
temperature 
for all types. 
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234 
GATE-TO-SOURCE 
VOLTAGE 
(VGS)-V 
92C5-38147 


Fig. 4 - Normalized 
drain-to-source 
on resistance vs. junction 
temperature 
for all types. 


RL = 4 A 


IG(REf} 
= 05mA 


VGS= 
5 V 


Fig. 6 - Normalized switching wavetorms tor constant gate-current. 
Refer to Harris application notes AN7254 and AN-7260. 


Fig. 8 - Typical drain-Io-source 
on resistance as a function 
drain current for all types. 


Fig. 10 - Typical forward transconductance 
as a function 
of drain 
current for all types. 
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TO-SOURCE 
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Fig. 9 - Capacitance 
as a function 
of drain-to-source 
voltage for 
all types. 


HARRIS 
SEMICONDUCTOR 
RFD16N05L 
RFD16N05LSM 


N-Channel Logic Level Enhancement-Mode 
Power Field-Effect Transistors (MegaFETs) 


Features 


• 
16A, SOV 


• rDs(ON) = 0.0470 


• UIS SOA Rating Curves (Single Pulse) 


• 
Design Optimized 
for SV Gate Drives 


• Can be Driven Directly 
from aMOS, NMOS, TTL Circuits 


• Compatible 
with Automotive 
Drive Requirements 


• SOA is Power-Dissipation 
Limited 


• Nanoscecond 
Switching 
Speeds 


• Linear Transfer 
Characteristics 


• High Input Impedance 


• Majority 
Carrier Device 


• Operating 
Temperature 
+1S00C 


Description 


The RFD16N05L and RFD16N05LSM N-channellogic 
level power 
MOSFETs are manufactured 
using the MegaFET process. This 
process, 
which 
uses 
feature 
sizes 
approaching 
those 
of LSI 
integrated circuits gives optimum utilization of silicon, resulting in 
outstanding 
performance. 
The RFD16N05L 
and RFD16N05LSM 
were designed 
for use with logic level (5V) driving sources in 
applications 
such 
as 
programmable 
controllers, 
automotive 
switching, switching regulators, switching converters, motor relay 
drivers 
and 
emitter 
switches 
for 
bipolar 
transistors. 
This. 


performance is accomplished through a special gate oxide design 
which provides full rated conductance at gate biases in the 3V - 5V 
range, thereby facilitating true on-off power control directly from 
logic circuit supply voltages. 


The RFD16N05L is supplied in the JEDEC TO-251 plastic package 
and the RFD16N05LSM in the JEDEC TO-252 plastic package. 
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N-CHANNELENHANCEMENTMODE 
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G~ 


Drain-SourceVoltage 
Vos 
Drain-GateVoltage(RGS= 1MO) 
VOGR 
ContinuousDrainCurrent 
RMSContinuous 
10 
PulsedDrainCurrent 
10M 
Single PulseAvalanceRating 
Gate-SourceVoltage 
VGS 
MaximumPowerDissipation 


Tc = +25°C 
Po 
AboveTc = +25°C, DerateLinearly 
. 


Operatingand StorageJunctionTemperatureRange 
TJ, TSTG 


UNITS 


V 
V 


16 
45 
Referto UIS SOA Curve 
±10 


60 
0.48 
-55 to +150 


W 
WfC 
°C 


CAUTION: 
These 
devices 
are sens~ive 
to electrostatic 
discharge. 
Users should follow proper 
I.C. Handling 
Procedures. 


Copyright © Harris Corporation 
1992 
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UMITS 


CHARACTERISTICS 
SYMBOL 
TEST CONDITIONS 
MIN 
MAX 
UNITS 


Drain-Source 
Breakdown 
Vonage 
BVOSS 
10- 2.05mA, 
VGS - OV 
50 
V 


Gale Threshold 
Voltage 
VGs(th) 
VGS - VOS, 10- 2.05mA 
1 
2 
V 


Zero Gate Voltage 
Drain Current 
lOSS 
VOS: 
40V, VGS: 
OV 
1 
IlA 
Tc: 
1SOOC 
50 


Gate-Source 
Leakage 
Current 
IGSS 
VGC - ±10V, VOS - OV 
100 
nA 


Static Drain-Source 
On Resistance 
ros(on) 
10: 16A, VGs: 
5V 
0.047 
W 
10: 16A, VGS: 
4V 
0.056 


Turn-On Time 
t(on) 
Voo: 
25V, 10: 8A, IGl : IG2: 
0.4A, VGS (clamp) + 5V, 
60 
ns 


Turn-On 
Delay Time 
\,j(on) 
·0.6V, RL: 
3.125n 
14(typ) 
ns 


Rise Time 
Ir 
3O(typ) 
ns 


Turn-Off 
Deley Time 
\,j(off) 
42 (typ) 
ns 


Fall Time 
If 
· 
14 (typ) 
ns 


Turn-Off Time 
t(off) 
· 
100 
ns 


Total Gate Charge 
Oo(lotal) 
VGS: 
D-10V 
IVoo: 
40V 
· 
80 
nC 


Gate Cherge 
al 5V 
Og(5) 
VGS - D-5V 
110: 16A 
· 
45 
nC 


Threshold 
Gete Charge 
Qg(th) 
VGS: 
D-W 
IRL:2.50 
· 
3 
nC 


Plateau Voltage 
V(plateau) 
10: 16A, VOS: 
15V 
4 
V 


Turn-Off 
Energy 
Loss per Cycle 
Eoff 
VOO - 25V, 10- 8A, RL - 3.12sn, 
L - 0.21'H, Ig, - 192- 
19 
J1J 


O.SA, VGS(clamp) 
+5V, ·0.6V 


Thermal 
Resistance, 
Junction-te-Case 
R8JC 
2.083 
0c/w 


Thermal 
Resistance, 
Junction-to-Ambient 
R8JA 
100 
0c/w 


LIMITS 


CHARACTERISTICS 
SYMBOL 
TEST CONDITIONS 
MIN 
I 
MAX 
UNITS 


Diode Forward 
Vonage 
Vso 
Iso-l6A 
· 
I 
1.5 
V 


Reverse 
Recovery 
Time 
tfT 
IF - 
16A, dlpdt: 
100AlllS 
· 
I 
125 
ns 
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BE DERATED UN EARLY WITH INCREASE IN TEMP.) 


15 


lQ 
'\ 


5 
\ 


\ 


50 
75 
100 
125 
150 


CASE 
TENPERATURE 
O"c>-cIIoC 


FIGURE 3. MAXIMUM 
CONTINUOUS 
DRAIN CURRENT vs 
TEMPERATURE 


.. 
-_. 


"' 
...•... 


- . 
-::::~::~J:=:C,c 
.•...... 


...•... 
" 


-- -- -- 
- 
-- -- 
- 
. 


If 
1-0 
tln"llHla.)/(I.3 
Rfma 
IVd•• ·Ydd)- -- - . -- --- 
II 1fl0 
ha,-tlIlJlnttllMIRJltl.3 
RRIED BldH·YddJII) 


FIGURE 2. UNCLAMPED INDUCTIVE SWITCHING SOA. (SINGLE 


PULSE UIS SOA 


"- '" 


.6 
"" 
"" 


.. 


.2 


"- '" 
30 
60 
120 
150 
CASE 'BftRA1\IlE 
lTQ-dogC 


FIGURE 4. NORMALIZED 
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FIGURE 12. NORMALIZED 
SWITCHING 
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FOR 
CONSTANT 
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Spice Model 
(RFD16N05L) 


.SUBCKT RFD16N05L 
2 
1 
3; 
rev 04108192 


'Nominal 
Temperature 
= 25°C 


.MODEL MOSMOD NMOS (VT0=2.054 
KP=24.73 
IS=Ie-30 
N=10 
TOS=l 
L=lu 
W=lu) 


Vto 
21 
6 
0.448 


Rsource 
8 
7 
RDSMOD 
0.614E-3 


Rdrain 
5 
16 
RDSMOD 
27.38E-3 


.MODEL RDSMOD RES (TC1=3.66E-3 
TC2=1.46E-5) 


.MODEL RVTOMOD 
RES (TC1=-1.81E3 
TC2=1.41E-6) 


.MODEL RVTOMOD2 
RES (TC1=0 
TC2=0) 


Ebreak 11 
7 
17 
18 
70.9 


.MODEL RBKMOD 
RES (TC1 =1.01 E-3 
TC2=5.21E-8) 


.MODEL DBKMOD 
0 (RS=8.82E-2 
TRS1=-2.01E-3 
TRS2=7.32E-10) 


.MODEL DBDMOD 0 (IS=1.34E-13 
RS=1.21 E-2 
TRS1=1.64E-3 
TRS2=2.59E-6 
+CJO=1.13E-9 
IT=4.14E-8) 


Cin 
6 
8 
1.21E-9 


Ca 
12 
8 
3.33E-9 


.MODEL SlAMOD 
VSWITCH 
(RON=le-5 
ROFF=O.l 
VON=-4.25 
VOFF=-2.25) 


.MODEL SlBMOD 
VSWITCH 
(RON=le-5 
ROFF=O.l 
VON=-2.25 
VOFF=-4.25) 


.MODEL DPLCAPMOD 
0 (CJ0=5.22E-10 
IS=1e-30 
N=10) 


Cb 
12 
14 
3.11E-9 


.MODEL S2AMOD VSWITCH 
(RON=1e-5 
ROFF=O.l 
VON=-0.65 
VOFF=4.35) 


.MODEL S2BMOD VSWITCH (RON=1e-5 
ROFF=O.l 
VON=4.35 
VOFF=-0.65) 


Rgate 
9 
20 
2.98 


Lgate 
1 
9 
1.38E-9 


Ldrain 
2 
5 
1.0E-12 


Lsource 
3 
7 
1.0E-9 


Dbody 
7 
5 
DBDMOD 


Dbreak 
5 
11 
DBKMOD 


Dplcap 
10 
5 
DPLCAPMOD 


Eds 
14 
8 
5 
8 
1 


Egs 
13 
8 
6 
8 
1 


Esg 
6 
10 
6 
8 
1 


Evto 
20 
6 
18 
8 
1 


It 
8 
17 
1 


MOS1 
16 
6 
8 
8 
MOSMOD 
M=0.99 


MOS2 
16 
21 
8 
8 
MOSMOD 
M=O.Ol 


Rbreak 
17 
18 
RBKMOD 
1 


Rin 
6 
8 
1e9 


Rvto 
18 
19 
RVTOMOD 
1 


Sla 
6 
12 
13 
8 
SlAMOD 


Slb 
13 
12 
13 
8 
SlBMOD 


S2a 
6 
15 
14 
13 
S2AMOD 


S2b 
13 
15 
14 
13 
S2BMOD 


Vbat 
8 
19 
DC 
1 
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mHARRIS 
RFP17N061. 


N-Channel 
Logic Level Enhancement-Mode 


Power Field-Effect 
Transistor 


• 17A, 60V 


• fDS(ON) = 0.100n 


• Design Optimized 
fOf 5V Gate Drives 


• Can be Driven Directly from aMOS, NMOS, TTL Circuits 


• Compatible 
with Automotive 
Drive Requirements 


• SOA is Power-Dissipation 
Limited 


• Nanoscecond 
Switching 
Speeds 


• Linear Transfer Characteristics 


• High Input Impedance 


• Majority Carrier Device 


Description 


The RFP17N06L is an N-Channel enhancement mode silicon- 
gate power field effect transistor designed for applications 
such as switching regulators, switching converters, motor driv- 
ers, relay drivers and drivers for high power bipolar transistors 
requiring high speed and low gate drive power. This type can 
be operated directly from integrated circuits. This performance 
is accomplished through a special gate oxide design which 
provides full rated conductance at gate biases in the 3V - 5V 
range, thereby facilitating true on-off power control directly 
from logic circuit supply voltages. 


The RFP17N06L is supplied in the JEDEC TO-220AB plastic 
package. 


Terminal Diagram 


N-CHANNEL 
ENHANCEMENT MOOE 


Drain-Source 
Voltage. 
• • • . . • • • • • . . . . . . • . . . . . . • . • . . • . . . • . . . . . • . • • • . • • . . . . . • • . . . . . . . . • • .. 
VDS 
Drain-Gate 
Voltage (RGS = 1MOl 
..••••..•.....••............••..•..................•.. 
VDGR 
Continuous 
Drain Current 
RMS Continuous 
.••••...••••...••••••......••••••.....••••••••.....••••••••..••••..... 
10 
Pulsed Drain Current. 
......•............................•...•••......•..••....•••••... 
IDM 
Gate-Source 
Voltage 
.••....••.•..•••••......•••••••......•••••••.....•••.••........... 
VGS 
Maximum Power Dissipation 
TC = +250C 
.•••..••.....•.•......•.......••.................................••.•..... 
Po 
AboveTc 
= +250C, Derate Linearly 
.•......................•.•.•........•••••.•...•••••..• 


Operating 
and Storage Junction Temperature 
Range .................•........•....•... 
TJ, TSTG 


UNITS 
60 
V 
60 
V 


17 
A 
50 
A 
±10 
V 


60 
W 
0.48 
W/oC 
-55to+150 
°C 


LIMITS 
CHARACTERISTIC 
TEST 
CONDITIONS 
MIN. 
MAX. 
UNITS 


Drain-Source 
Breakdown 
VoltaQe 
BVoss 
10 = 1.0 mA, VGS= 0 V 
60 
- 
V 
Gate 
Threshold 
VollaQe 
VGs(th) 
VGS= Vos, 10 = 1.0 mA 
1 
2 


Zero 
Gate 
Voltage 
Drain 
Current 
Vos = 48V, VGS= 0 V 
1 


JiA 
loss 
Tc = 150°C 
- 


50 


Gate-Source 
LeakaQe 
Current 
IGss 
VGS= ±10 
V 
- 
100 
nA 


On Resistance 
Ros(on) 
10 = 8.5 A, VGS= 4.0 V 
- 
0150 


10 = 8.5 A, VGS= 5.0 V 
- 
0100 
0 


10 = 17.0 A, VGS= 5.0 V 
- 
0.130 


Forward 
Transconductance 
QFS 
10 = 8.5 A, Vos = 5.0 V 
60 
- 
S 


Turn-On 
Delay 
Time 
Td(on) 
Voo = 30 V, 10 = 8.5 A 
- 
40 


Rise Time 
TR 
RGEN= 12.5 ohms 
- 
150 


Turn-Off 
Delay 
Time 
Td(off) 
RGS= 12.5 ohms 
240 
ns 
- 


Fall Time 
TF 
VGS= +5 V 
- 
110 


Total 
Gate 
Charge 
Og(total) 
10 = 8.5 A, Voo = 30 V 
45 
- 


VGS= 10 V, RL = 3.5 ohms 
nC 
Gate 
CharQe 
at 5 volts 
00(5) 
VGS= 5 V 
- 
25 


Threshold 
Gate 
Charge 
Og(th) 
VGS= 1 V 
- 
2.0 


Thermal 
Resistance 
Junction 
to Case 
RoJC 
- 
2083 
°C/W 
Thermal 
Resistance 
Junction 
to Ambient 
ROJA 
- 
80 


LIMITS 
CHARACTERISTIC 
TEST 
CONDITIONS 
MIN. 
I 
MAX. 
UNITS 


Forward 
VoltaQe 
Vso 
Iso= 
17 A 
- 
I 
12 
V 


Reverse 
Recovery 
Time 
t" 
IF= 17 A, dIF/d. 
= 100 A/Jis 
115 (typ) 
ns 


• 
MAX CONT ~ 
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Fig. 2 - Power dissipation vs. case temperature derating curve for 
a/l types. 
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Fig. 4 - Normalized 
drain-fo-source 
on resistance 
vs. junction 
temperature for a/l types. 


RL = 3.53 n 
IG (REF) = 0.50 
mA 


VGS = 5 V 


Fig. 6 - Normalized switching waveforms for constant gate-current. 
Reter to Harris application notes AN7254 and AN-7260. 
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Fig. 3 - Typicai normaiized gate threshold voltage as a functIOn 


of junction 
temperature for a/l types. 
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Fig. 8 - Typical drain-to-source 
on resistance as a function dram 
current for all types. 


Fig. 10 - Typical forward transconductance 
as a functIOn of drain 
current for all types. 
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Fig. 9 - Capacitance as a function of dram-to-source 
vollage for 
all types. 
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(II HARRIS 
RFP2SNOSI. 


N-Channel 
Logic Level Enhancement-Mode 


Power Field-Effect 
Transistor 
(MegaFETs) 


• 2SA, SOV 


• rDS(ON) = 0.0470 


• UIS SOA Rating Curve (Single Pulse) 


• Design Optimized 
for SV Gate Drives 


• Can be Driven Directly from CMOS, NMOS, TTL Circuits 


• Compatible 
with Automotive 
Drive Requirements 


• SOA is Power-Dissipation 
Limited 


• Nanoscecond 
Switching 
Speeds 


• Linear Transfer 
Characteristics 


• High Input Impedance 


• Majority Carrier Device 


• Operating Temperature 
....•..••••••••....... 
+lS0oC 


Description 


The RFP25N05L is an N-Channellogic 
level power MOSFETs 
are manufactured using the MegaFET process. This process, 
which uses feature sizes approaching those of LSI integrated 
circuits gives optimum utilization of silicon, resulting in out- 
standing performance. The RFP25N05L was designed for use 
with logic level (5V) driving sources in applications such as 
programmable 
controllers, automotive switching, 
switching 
regulators, switching converters, motor relay drivers and emit- 
ter switches for bipolar transistors. This performance is accom- 
plished through a special gate oxide design which provides full 
rated conductance at gate biases in the 3V - 5V range, thereby 
facilitating true on-off power control directly from logic circuit 
supply voltages. 


The RFP25N05L is supplied in the JEDEC TO-220AB plastic 
package. 


Terminal Diagram 


N-CHANNEL 
ENHANCEMENT MODE 


Drain-Source 
Voltage. 
. • . . . . . . . . . • • • • . . . . • • • • • • . . . . . • • • • • • • • . • . . . . . . • • • • • . . . .. 
VDS 
Drain-Gate 
Voltage (RGS = 1MOl· 
....•....•••••.••.•...••••••.........•••••.. 
VDGR 
Continuous 
Drain Current 
RMS Continuous 
..........•••..••••••.....•........................•••••..... 
10 
Pulsed Drain Current ................••........••••........•••••..........••.. 
10M 
Single Pulse Avalanche 
Energy Rating 
Gate-Source 
Voltage 
VGS 
Maximum Power Dissipation 
TC = +250C 
Po 
Above TC = +250C, Derate Linearly 
............•.....•..•..•••••••.....•••.•..... 


Operating 
and Storage Junction Temperature 
Range ...............•.......... 
TJ. TSTG 


UNITS 
V 
V 


25 
65 
Refer to UIS SOA Curve> 


±10 


60 
0.48 
-5510+150 


W 
W/oC 
oC 


LIMITS 
CHARACTERISTIC 
TEST CONDITIONS 
MIN. 
MAX. 
UNITS 


Drain-Source 
Breakdown Voltage 
BVoss 
10= 0.25 mA, VGS- 0 V 
50 
- 
Gate Threshold Voltage 
VGs(th) 
VGS= Vos, 10= 0.25 mA 
1 
2 
V 


Zero Gate Voltage Drain Current 
Vos = 40 V, VGS= 0 V 
1 
pA 
loss 
Tc = 150·C 
- 
50 
Gate-Source Leakage Current 
IGSS 
VGS- ±10 V, Vos - 0 V 
- 
100 
nA 


Static Drain-Source On Resistance 
ros(on) 
10= 25 A, VGS- 5 V 
0.047 
0 
- 
10= 25 A, VGS= 4 V 
0.056 
Turn-On Time 
t(on) 
- 
60 
Turn-On 
Delay Time 
t.(on) 
Voo = 25 V, 10= 12.5 A 
- 
15 (typ.) 


Rise Time 
t, 
Ig, = Ig2= 1 A 
- 
35 (typ.) 
Turn-Off 
Delay Time 
t.(off) 
VGS(clamp) + 5 V, - 0.6 V 
40 (typ.) 
ns 
- 
Fall Time 
tf 
Rl=20 
- 
14 (typ.) 


Turn-Off Time 


_.- 
t(off) 
- 
100 
Total Gate Charge 
Og(total) 
VGS- D-10V 
Voo-4O 
V 
- 
80 
Gate Charge at 5 V 
Og(5) 
VGS= D-5 V 
10=25A 
- 
45 
nC 
Threshold Gate Charge 
Og(th) 
VGS= D-1 V 
Rl = 1.60 
- 
3 
Plateau Voltage 
V(plateau) 
10=25A,Vos=15V 
- 
4 
V 
Voo - 25 V, 10- 12.5 A, Rl- 
2 0 
Turn-Off 
Energy Loss per Cycle 
Eoff 
L = 0.2 pH, Ig, = Ig2= 1 A 
- 
30 
pJ 
VGS(clamp) + 5 V, -<l.6 V 
Thermal Resistance, Junction-to-Case 
RoJC 
- 
2.083 
·C/w 
Thermal Resistance, Junction-to-Ambient 
ROJA 
- 
80 


LIMITS 
CHARACTERISTIC 
TEST CONDITIONS 
MIN. 
MAX. 
UNITS 


Diode Forward Voltage 
Vso 
Iso - 25 A 
- 
1.5 
V 
Reverse Recovery Time 
trr 
IF= 25 A, dIF/d. = 100 A/JJ.S 
- 
125 
ns 


------ ------ 
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~ 
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\ 


1 
~ to.o 
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o 
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Fig. 1 - Safe operating 
area curve. (Curves must be derated 
linearly with increase in temperature.) 
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Fig. 3 - Normalized 
power dissipation 
vs. temperature 
derating 
curve. 
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Fig. 6 - Normalized switching 
waveforms for constant gate-current 


Refer to Harris application 
notes AN7254 and AN-7260. 
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Fig. 11 - Normalized switching wavetorms for constant gate-current 
(Refer to Harris application 
notes AN-7254 
and AN-7260) 
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mHARRIS 
RFP25N061. 


N-Channel 
Logic Level Enhancement-Mode 


Power Field-Effect 
Transistor 
(L2FET) 


Features 


• 25A, GOV 


• rDS(ON) = 0.0850 


• Design Optimized for 5V Gate Drives 


• Can be Driven Directly from aMOS, NMOS, TTL Circuits 


• Compatible 
with Automotive 
Drive Requirements 


• SOA is Power-Dissipation 
Limited 


• Nanoscecond 
Switching Speeds 


• Linear Transfer Characteristics 
Terminal Diagram 


N-CHANNEL 
ENHANCEMENT 
MODE 
• High Input Impedance 


• Majority Carrier Device 


Description 


The RFP25N06L is an N-Channel enhancement-mode sili- 
con-gate power field-effect transistor specifically designed for 
use with logic level (5V)driving sources in applications such as 
programmable controllers, automotive switching and solenoid 
drivers. This performance is accomplished through a special 
gate oxide design which provides full rated conductance at 
gate biases in the 3V - 5V range,thereby facilitating true on-off 
power control directly from logic circuit supply voltages. 


The RFP25N06L is supplied in the JEDEC TO-220AB plastic 
package. 


Because of space limitations branding (marking) on type 
RFP25N06L is F25N06L. 


Drain-Source 
Voltage. 
. . • • • . . . • . • . . . . . . . . . . . . . . . . . . . . . • . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . .. 
VDS 
Drain-Gate 
Voltage (RGS = 1MOl 
•...................••................................ 
VDGR 
Continuous 
Drain Current 
RMS Continuous 
...••••.....••........................................................ 
10 
RMS Continuous 
@ TC = +850C 
..................................•....................... 


Pulsed Drain Current ................•.•.........................••.................... 
10M 
Gate-Source 
Voltage 
........•..........•..........•..•......•...•••........••......... 
VGS 
Maximum Power Dissipation 
TC = +250C 
.•••....•.....•...............................•........................... 
Po 
AboveTC 
= +250C 
Derate Linearly ....••........................•......................... 


Operating 
and Storage Junction Temperature 
Range 
TJ, TSTG 


UNITS 
60 
V 
60 
V 


25 
A 
18 
A 
60 
A 
±10 
V 


75 
W 
0.6 
WloC 
-55to 
+150 
°C 


~ 
.•.•w 
w 
u.. 
:> 
U) 
wo 
.•.•:e 
!:i!a: 
c.:lw 
03 
.•.• 
0 
a.. 


LIMITS 


CHARACTERISTICS 
TEST CONDITIONS 
RFP25N06L 
UNITS 


MIN. 
MAX. 


Drain-Source 
Breakdown 
10= 1 mA 
60 
- 
V 
Voltage 
BVoss 
Vas =0 


Gate Threshold Voltage 
VGSlth' 
VGs= Vos 
1 
2 
V 
10= 1 mA 


Zero Gate Voltage Drain 
Vos = 40V 
- 
- 


Current 
loss 
Vos = 50V 
- 
1 


Tc= 
125·C 
IJA 


Vos = 40 V 
- 
- 


Vos = 50V 
- 
50 


Gate-Source Leakage 
VGS= 10 V 
- 
100 
nA 
Current 
IGSS 
Vos = 0 


Drain-Source On Voltage 
Vos1on,8 
10= 12.5A 
- 
1.06 
Vas = 5 V 
V 
10=25A 
- 
2.5 
VGs=5 V 


Static Drain-Source 
roslon,8 
10=12.5A 
- 
0.085 
n 
On Resistance 
VGS= 5 V 


Forward Transconductance 
g••8 
Vos =5 V 
5 
- 
mho 
10=12.5A 


Input Capacitance 
C••• 
- 
2000 
Vos = 25 V 
Output Capacitance 
Coos 
- 
900 
VGS=OV 
pF 
Reverse Transfer 
C•• 
- 
400 
f = 1 MHz 
Capacitance 


Turn-On 
Delay Time 
lolon' 
Vos = 30V 
18 (typ.) 
60 


Rise Time 
t, 
10= 12.5 A 
120 (typ.) 
225 


Turn-Off 
Delay Time 
tUoffl 
Rgen = 00 
123 (typ.) 
225 
ns 


. Fall Time 
t, 
Rgo = 6.25 n 
123 (typ.) 
200 


VGS= 5 V 


Thermal Resistance Junction-to-Case 
RBJC 
RFP25N06L 
- 
1.67 
·CIW 


100 8 
CASE TEMPERATURE 
(TC) - 
25 ·C 
• 


(CURVES 
MUST BE DERATED 


LINEARLY 
WITH INCREASE 
IN 
· 
TEMPERATURE) 


2 ~ 


« 
10 
°0 
I 
8 
0", 
g .= 
OPERATION 
IN 
~<"'9. 
- 
THIS AREA IS 
~ 
'1~ 
•... 


-~1- 
z .- 
LIMITED 
BY 
w0: 
- 
'DS(on) 
- 
>s~ 
0: 
::::>0 
2 


Z;;:0: 
1 
0 
8 
•.- VOSS (MAX) = 60 V RFP25N06L 


2 


0.1 


6 
8 
6 
8 
10 
100 


DRAIN·TO·SOURCE 
VOLTAGE 
(VDS) - 
V 


Fig. 2 - Power dissipation vs. case temperature derating curve for 
all types. 
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Fig. 4 - Typical normalized gate threshold voltage as a function of 
junction 
temperature for all types. 
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Fig. 5 - Normalized 
drain-to-source 
on resistance to junction 
temperature for all types. 
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Fig. 9 - Typical drain-to-source 
on resistance as a function 
of 


drain current for all types. 


Fig. 11 - Typical forward transconductance 
as a function of drain 
current for all types. 


Rt= 
2.40 
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Fig. 12 - 
Normalized 
switching 
waveforms 
for 
constant 
gate- 
current. Refer to Harris application 
notes AN 7254 and 
AN-7260. 
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m HARRIS 
RFP50N05L 
RFG50N05L 
N-Channel Logic Level Enhancement-Mode 
Power Field-Effect Transistors (MegaFETs) 


• UIS SOA Rating Curve (Single Pulse) 


• Design Optimized 
for 5V Gate Drive 


• Can be Driven Directly from CMOS, NMOS, TTL Circuits 


• Compatible 
with Automotive 
Drive Requirements 


• SOA is Power-Dissipation 
Limited 


• Nanosecond 
Switching 
Speeds 


• Linear Transfer Characteristics 


• High Input Impedance 


• Majority Carrier Device 


Description 


The RFP50N05L and RFG50N05L N-channellogic-Ievel 
pow- 


er MOSFETs are manufactured using the MegaFET process. 
This process, which uses feature sizes approaching those of 
LSI integrated circuits gives optimum utilization of silicon, 
resulting in outstanding performance. They were designed for 
use with logic-Jevel (5V) driving sources in applications such 
as programmable controllers, automotive switching, switching 
regulators, switching converters, motor relay drivers, and emit- 
ter switches for bipolar transistors. This performance is accom- 
plished through a special gate oxide design which provides full 
rated conductance at gate bias in the 3V - 5V range, thereby 
facilitating true on-off power control directly from integrated 
circuit supply voltages. 


The RFP50N05L is supplied in the JEDEC TO-220AB plastic 
package and the RFG50N05L is supplied in the TO-247 plas- 
tic package. 


RFP50N05L 
TO-220AB 
TOP VIEW 


RFG50N05L 
TO-247 
TOP VIEW 


Terminal Diagram 


N-CHANNEL 
ENHANCEMENT 
MODE 


Drain-Source 
Voltage 
...................••.••.......•••••..•......••••••......•••...... 
VDS 
Drain-Gate 
Voltage (RGS = 1MOl 
••.....•.•••..........................•...•...••...... 
VDGR 
Continuous 
Drain Current 
RMS Continuous 
..•.........•••.•....•••••.......•••••................................ 
10 
Pulsed Drain Current. 
•.••.•.•.••...................................•.••...•....••....• 
IDM 
Single Pulse Avalance Rating, Refer to UIS SOA Curve 
Gate-Source 
Voltage 
.............•....•.•.••.....••..•.•......•....................... 
VGS 
Maximum Power Dissipation 
TC = +250C 
..................•....••.•.••.....•.••............•...................... 
Po 
Above TC = +250C, Derate Linearly 
.•.....••.•.••.•.••.•.••.•.••.•........................ 
Operating 
and Storage Junction Temperature 
Range ......•..•.•.•..•..•••••••.•.•.•••• 
TJ' TSTG 


UNITS 
50 
V 
50 
V 


50 
A 
130 
A 


±10 
V 


110 
W 
0.88 
WloC 
-55to+150 
oC 


LIMITS 


CHARACTERISTICS 
SYMBOLS 
TEST CONDIT10NS 
MIN 
MAX. 
UNITS 


Drain-Source 
Breakdown 
Voltage 
BVOSS 
10 = 0.25 mA, VGS = 0 V 
50 
- 
V 
Gate Threshold Voltage 
VGS(th) 
VGS = VDS, 10 = 0.25 mA 
1 
2 


VDS=40V, 
VGS=OV 
- 
1 
Zero Gate Voltage Drain Current 
lOSS 
Tc= 
15QOC 
50 
JU\ 


Gate-Source 
Leakage Current 
IGSS 
VGS=±10V,VDS= 
OV 
- 
100 
nA 


10 = 50 A, VGS= 
5V 
- 
0.022 
Static Drain-Source 
on Resistance 
rDS(on) 
10 = 50 A, VGS=4 
V 
- 
0.027 
n 


Turn-On 
Time 
I(on) 
- 
100 


Turn-On 
Delay Time 
td(on) 
VDO = 25 V, 10 = 25A 
15 (lyp) 
- 


Rise Time 
tr 
191 =lg2=2A 
5O(lyp) 
- 
ns 
Turn-Off 
OelayTime 
td(ofl) 
VGS (clamp): +5 V, -0.6 V 
5O(lyp) 
- 


Fall Time 
tr 
RL=1 
n 
15(lyp) 
- 


Turn-Off 
Time 
I(ofl) 
- 
100 


Total Gata Charge 
Og(total) 
VGS=Ot010V 
VOO=40V 
- 
140 


Gate Charge at 5V 
Og(5) 
VGS=Ot05V 
10=5OA 
- 
80 
nC 


Threshold Gate Charge 
Og(th) 
VGS=Ot01 
V 
RL=0.8n 
- 
6 


Plateau Voltage 
V(plateau) 
10 = 50 A, VOS= 
15V 
- 
4 
V 


VDO = 25 V, 10 =25A,RL= 
1 n 
Turn-Off 
Energy Loss per Cycle 
Eoff 
L = 0.2 ~H, Ig1 = Ig2 = 2 A 
- 
150 
JJJ 
VGS (clamp): +5 V, -0.6 V 


Thermal Resistance, Junction to Case 
RaJC 
- 
1.14 
°C/W 
Thermal Resistance, Junction to Ambient 
RaJA 
- 
80 


if! 
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••.•u. 
> 
CI> 
••.• 
0 


...• ::E 
5::!a: 
t:I 
••.• 
o~ 
••.• 
0 
l:>. 


LIMITS 


CHARACTERISTICS 
TEST CONOlT10NS 
MIN 
MAX. 
UNITS 


Diode Forward VoMage 
VSO 
ISO = 50A 
- 
1.5 
V 


Reverse Recovery Time 
trr 
ISO = 50 A, dlSO/dt = 100 N~s 
- 
1.25 
ns 


m 


If 
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Figure 1 - Safe operating area curve. 


(Curves must be derated linearly with increase in temperature.) 
Figure 2 - Unclamped-inductive-switching 
safe-operating-area 
(single pulse UIS SOA). See Figure 14 for test circuit. 
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Figure 9 - Normalized gate threshold voltage. 
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Fig. 12 - 
Normalized 
switching 
waveforms 
for constant 
gate- 


current. Refer to Harris application 
notes AN7254 and 
AN-7260. 
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IGBT PART NUMBERING SYSTEM AND PRODUCT OFFERINGS 
. 


DATA SHEETS 


2N6975 


2N6976 


2N6977 


2N6978 


HGTD6N40E1, S, 
HGTD6N50E1, S 


HGTP6N40E1 D, 
HGTP6N50E1 D 


HGTD1 ON40F1, S, 
HGTD1 ON50F1, S 


HGTP1 ON40C1, E1, 
HGTP10N50C1, 
E1 


HGTP10N40C1D,E1D, 
HGTP1 ON50C1 D, E10 


HGTP1 ON40F1 D, 
HGTP1 ON50F1 D 


HGTH12N40C1, 
E1, 


HGTH12N50C1, 
E1 


HGTH12N40C1D,E1D, 
HGTH12N50C1D,E1D 


HGTM12N40C1, 
E1, 
HGTM12N50C1, 
E1 


HGTG 12N60D 1D 


N-Channel Enhancement-Mode 
Insulated Gate Bipolar Transistor (IGBT) 
. 


N-Channel Enhancement-Mode 
Insulated Gate Bipolar Transistor (IGBT) 
. 


N-Channel Enhancement-Mode 
Insulated Gate Bipolar Transistor (IGBT) 
. 


N-Channel Enhancement-Mode 
Insulated Gate Bipolar Transistor (IGBT) 
. 


N-Channel Enhancement-Mode 
Insulated Gate Bipolar Transistors (IGBTs) 
. 


N-Channel Enhancement-Mode 
Insulated Gate Bipolar 
. 
Transistors (IGBTs) with Anti-Parallel 
Ultra-Fast Diode 


N-Channel Enhancement-Mode 
Insulated Gate Bipolar Transistors (IGBTs) 
. 


N-Channel Enhancement-Mode 
Insulated Gate Bipolar 
. 


Transistors (IGBTs) with Anti-Parallel 
Ultra-Fast Diode 


N-Channel Enhancement-Mode 
Insulated Gate Bipolar 
. 


Transistors (IGBTs) with Anti-Parallel 
Ultra-Fast Diode 


N-Channel Enhancement-Mode 
Insulated Gate Bipolar Transistors (IGBTs) 
. 


N-Channel Enhancement-Mode 
Insulated Gate Bipolar 
. 


Transistors (IGBTs) with Anti-Parallel 
Ultra-Fast Diode 


N-Channel Enhancement-Mode 
Insulated Gate Bipolar Transistors (IGBTs) 
. 


N-Channel Enhancement-Mode 
Insulated Gate Bipolar 
. 


Transistor (IGBT) with Anti-Parallel 
Ultra-Fast Diode 


DATA SHEETS 


HGTM12N60D1 


HGTP12N60D 1 


HGTP15N40C1, 
E1 
HGTP15N50C1, 
E1 


HGTH20N40C1, 
E1 
HGTH20N50C1, 
E1 
HGTH20N40C1D.E1D 
HGTH20N50C1D,E1D 


HGTM20N40C1. 
E1 
HGTM20N50C1. 
E1 


HGTG20N50C1 D 


HGTG20N100D2 


HGTG24N60D1 


HGTG24N60D1D 


HGTM24N60D1 


HGTA32N60E2 


HGTG32N60E2 


HGTG34N100E2 


N-Channel Enhancement-Mode 
Insulated Gate Bipolar Transistor (IGBT) 
. 


N-Channel Enhancement-Mode 
Insulated Gate Bipolar Transistor (IGBT) 
. 


N-Channel Enhancement-Mode 
Insulated Gate Bipolar Transistors (IGBTs) 
. 


N-Channel Enhancement-Mode 
Insulated Gate Bipolar 
. 


Transistors (IGBTs) with Anti-Parallel Ultra-Fast Diode 


N-Channel Enhancement-Mode 
Insulated Gate Bipolar Transistors (IGBTs) 
. 


N-Channel Enhancement-Mode 
Insulated Gate Bipolar 
. 


Transistor (IGBT) with Anti-Parallel 
Ultra-Fast Diode 


N-Channel Enhancement-Mode 
Insulated Gate Bipolar Transistor (IGBT) 
. 


N-Channel Enhancement-Mode 
Insulated Gate Bipolar Transistor (IGBT) 
. 


N-Channel Enhancement-Mode 
Insulated Gate Bipolar 
. 
Transistor (IGBT) with Anti-Parallel 
Ultra-Fast Diode 


N-Channel Enhancement-Mode 
Insulated Gate Bipolar Transistor (IGBT) 
. 


N-Channel Enhancement-Mode 
Insulated Gate Bipolar Transistor (IGBT) 
. 


N-Channel Enhancement-Mode 
Insulated Gate Bipolar Transistor (IGBT) 
. 


N-Channel Enhancement-Mode 
Insulated Gate Bipolar Transistor (IGBT) 
. 
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m HARRIS 


fHGTl 


HARRIS IGBT 
~ 


PACKAGE 


A : MO-093 


P : 3 LEAD TO-220 


G : 3 LEAD TO-247 


H : 3 LEAD TO-218 


M : 3 LEAD TO-204 
o : TO-251fTO-252 


D-PACK 


B : TS-001 


CONTINUOUS 


CURRENT 
RATING 


at TC = +90oC 


N CHANNEL 
or P CHANNEL 


IGBT 


PART NUMBERING 
SYSTEM 
AND PRODUCT 
OFFERINGS 


OPTIONS 


L : LOGIC LEVEL 


0: 
DIODE 


S : SURFACE 
MOUNT 


C : CURRENT SENSE 


1 : FIRST GENERATION 


2 : SECOND 
GENERATION 


FALL TIME at TJ = +1250C 


A : 100ns 


B : 200ns 


C : 500ns 
o : 750ns 


E : 11.ls 


F : 21.ls 


VOLTAGE 
BREAKDOWN/10 


(40, 50, 60, 100, 120) 


I CONTINUOUS 
~ 


OLD 
NEW 
TC = +90oC 
I PEAK 
TFALLAT 


NUMBER 
NUMBER 
(AMP) 
(AMP) 
TJ=+1250C 
PACKAGE 


400 VOLTS 


IGTD3N40 
HGTD6N40E1 
6 
7.5 
1~s 
D Pack 


IGTD3N40SM 
HGTD6N40E1 S 
6 
7.5 
1~s 
D Pack Surface Mount 


IGTD5N40 
HGTD10N40F1 
10 
12 
1.2~s 
D Pack 


IGTD5N40SM 
HGTD10N40F1S 
10 
12 
1.2~s 
D Pack Surface Mount 


IGTP10N40 
HGTP1ON40E1 
10 
17.5 
1~s 
TO-220 
IGTP10N40A 
HGTP10N40C1 
10 
17.5 
500ns 
TO-220 


IGTH10N40 
HGTH12N40E1 
12 
17.5 
1~s 
TO-218 
IGTM10N40 
HGTM12N40E1 
12 
17.5 
1~s 
TO-204 


IGTH10N40A 
HGTH12N40C1 
- I 
12 
17.5 
500ns 
TO-218 
IGTM10N40A 
HGTM12N40C1 
12 
17.5 
500ns 
TO-204 


IGTP20N40 
HGTP15N40E1 
15 
35 
1~s 
TO-220 


IGTP20N40A 
HGTP15N40C1 
15 
35 
500ns 
TO-220 
r 


IGTH20N40 
HGTH20N40E1 
20 
35 
1~s 
TO-218 
IGTM20N40 
HGTM20N40E1 
20 
35 
1~s 
TO-204 


IGTH20N40A 
HGTH20N40C1 
20 
35 
500ns 
TO-218 


IGTM20N40A 
HGTM20N40C1 
20 
35 
500ns 
TO-204 


500V 


IGTD3N50 
HGTD6N50E1 
6 
7.5 
1~s 
D Pack 


IGTD3N50SM 
HGTD6N50E 1S 
6 
7.5 
1~s 
D Pack Surface Mount 


IGTD5N50 
HGTD10N50F1 
10 
12 
1.2~s 
D Pack 


IGTD5N50SM 
HGTD10N50F1S 
10 
12 
1.2~s 
D Pack Surface Mount 


IGTP10N50 
HGTP10NSOE1 
10 
17.5 
1~s 
TO-220 


IGTP10N50A 
HGTP10N50C1 
10 
17.5 
500ns 
TO-220 


IGTH10N50 
HGTH12N50E1 
12 
17.5 
1~s 
TO-218 
IGTM10N50 
HGTM12N50E1 
12 
17.5 
1~s 
TO-204 


IGTP20N50 
HGTP15NSOE1 
15 
35 
1~s 
TO-220 
IGTP20N50A 
HGTP15NSOC1 
15 
35 
500ns 
TO-220 


IGTH20N50 
HGTH20N50E1 
20 
35 
1~s 
TO-218 


IGTM20N50 
HGTM20N50E1 
20 
35 
1~s 
TO-204 


IGTH20N50A 
HGTH20N50C1 
20 
35 
500ns 
TO-218 
IGTM20N50A 
HGTM20N50C1 
20 
35 
500ns 
TO-204 
,~ 


600V 


IGT6D10, 11, E10, 11 
HGTM12N60D1 
12 
48 
600ns 
TO-204 
IGT4D10, 11, E10, 11 
HGTP12N60D1 
12 
48 
600ns 
TO-220 
GSI510/IGT5E1 OCS 
HGTB12N60D1C 
12 
48 
600ns 
TO-220 I Sense 


IGT8D20, 21, E20, 21 
HGTG24N60D1 
24 
96 
600ns 
TO-247 


IGT6D20, 21, E20, 21 
HGTM24N60D1 
24 
96 
600ns 
TO-204 


GSI525/IGT7E20CS 
HGTA24N60D1 C 
24 
96 
600ns 
TO-2181 Sense 


NEW 
HGTA32N60E2 
32 
200 
800ns 
TO-2185 
Lead 
NEW 
HGTG32N60E2 
32 
200 
800ns 
TO-247 


NEW 
HGTM32N60E2 
32 
200 
800ns 
TO-204 


1000V 


NEW 
HGTG20N100D2 
20 
100 
680ns 
TO-247 


NEW 
HGTM20N100D2 
20 
100 
680ns 
TO-204 


NEW 
HGTG34N100E2 
34 
200 
870ns 
TO-247 


NEW 
HGTM34N100E2 
34 
200 
870ns 
TO-204 


400V "IGBT PLUS DIODE COMBINATIONS" 


NEW 
HGTP6N40E1 D 
6 
7.5 
1~s 
TO-220 With Diode 


NEW 
HGTP1ON40F1D 
10 
12 
1.2~s 
TO-220 With Diode 
IGTP10N40D 
HGTP1ON40E1D 
10 
17.5 
1~s 
TO-220 With Diode 
IGTP10N40AD 
HGTP1ON40C1D 
10 
17.5 
500ns 
TO-220 With Diode 


500V "IGBT PLUS DIODE COMBINATIONS" 


NEW 
HGTP6N50E1 D 
6 
7.5 
1~s 
TO-220 With Diode 


NEW 
HGTP1ONSOF1D 
10 
12 
1.2~s 
TO-220 With Diode 
IGTP10N50D 
HGTP1ONSOE10 
10 
17.5 
1~s 
TO-220 With Diode 
IGTP10N50AD 
HGTP10N50C1D 
10 
17.5 
500ns 
TO-220 With Diode 


NEW 
HGTG20N50C1D 
20 
35 
500ns 
TO-247 With Diode 


600V "IGBT PLUS DIODE COMBINATIONS" 


NEW 
HGTG12N60D1D 
12 
48 
600ns 
TO-247 With Diode 
NEW 
HGTG24N60D1 D 
24 
96 
600ns 
TO-247 With Diode 


mHARRIS 
2N6975,2N6976, 
2N6977, 2N6978 
N-Channel 
Enhancement-Mode 


Insulated 
Gate Bipolar Transistors 
(IGBTs) 


• SA, 400V and SOOV 


• VCE(ON): 2V 


• Tfi: 1fJs,O.SfJS 


• Low On-State Voltage 


• Fast Switching 
Speeds 


• High Input Impedance 


• Power Supplies 


• Motor Drives 


• Protection 
Circuits 


Description 


The 
2N6975, 
2N6976, 
2N6977 
and 
the 
2N6978 
are 
n-channel 


enhancement-mode insulated gate bipolar transistors (IGBTs) designed 
for high-voltage, 
low on-dissipation 
applications such as switching 
regulators and motor drivers. These types can be operated directly from 
low-power integrated circuits. 


These types are supplied in the JEOECTO-204M 
steel package. 


Package 


JEDEC TO-204AA 
BOTTOM 
VIEW 


Terminal Diagram 


N-CHANNEL 
ENHANCEMENT MODE 


C 


G~ 


E 


Absolute 
Maximum 
Ratings 
(TC = 250C), Unless Otherwise Specified. 


2N6975/2N6977 


Collector-Emitter 
Voltage ...........................•••.....••••.... 
VCES 
Collector-Gate 
Voltage (RGE = 1MO) ..........................•..... 
VCGR 
Reverse Collector-Emitter 
Voltage .................•....•..••••.. 
VCES(rev.) 
Gate-EmitterVoltage 
•.•....................................•...•... 
VGE 
Collector Current Continuous 
................................••......... 
IC 
Collector Current Pulsed 
ICM 
Power Dissipation 
Total @TC = 250C 
Po 
Power Dissipation 
Derating AboveTc 
= 250C ........•........•.••••..•••••. 
Operating 
and Storage Junction Temperature 
Range ............•••. 
TJ' TSTG 


400' 
400' 
5' 
±20' 
5' 
10' 
100' 
0.8' 
-55 to +150' 


500' 
500' 


5' 


±20' 


5' 
10' 
100' 
0.8' 


-55 to +150' 


V 
V 
V 
V 
A 
A 
W 
W/oC 
°c 


4,364,073 
4,587,713 
4,641,162 
4,794,432 
4,860,080 
4,969,027 


4,417,385 
4,598,461 
4,644,637 
4,801,986 
4,883,767 


4,430,792 
4,605,948 
4,882,195 
4,803,533 
4,888,627 


4,443,931 
4,618,872 
4,684,413 
4,809,045 
4,890,143 


4,466,176 
4,620,211 
4,694,313 
4,809,047 
4,901,127 


4,516,143 
4,631,564 
4,717,679 
4,810,665 
4,904,609 


4,532,534 
4,639,754 
4,743,952 
4,823,176 
4,933,740 


4,567,641 
4,639,762 
4,783,690 
4,837,606 
4,963,951 


LIMITS 


CHARACTERISTICS 
SYMBOL 
TEST 
2N6975 
2N6976 
UNITS 
CONDITIONS 
2N6977 
2N6978 


Min. 
Max. 
Min. 
Max. 


Collector-Emitter 
BVeEs 
le= 1 mA 
400' 
- 
Soo' 
- 
V 
Breakdown 
Voltage 
VGE= 0 


Gate Threshold 
Voltage 
VGEUh) 
VGE= VeE 
2' 
4.S' 
2' 
4.S' 
V 
le= 1 mA 


Vce = 400 V 
- 
2S0' 
- 
- 
Vce = Soo V 
- 
- 
- 
2S0' 
Zero-Gate 
Voltage Collector 
Current 
Ices 
Te = 12SoC 
- 
- 
- 
- 
/lA 


Vce = 400 V 
- 
1000' 
- 
- 
Vce = Soo V 
- 
- 
- 
1000' 


Gate-Emitter 
Leakage 
IGes 
VGE- ±20 V 
- 
100' 
- 
100' 
nA 
Current 
Vce = 0 


Reverse Collector-Emitter 
IEcs 
RGE= 0 n 
- 
S' 
- 
S' 
mA 
Leakage Current 
VEe= S V 


Ie = S A 
- 
2' 
- 
2' 


Collector-Emitter 
VGE=10V 
V 
On Voltage 
VCElonl 
Ie = 10 A 
- 
2.S 
- 
2.S 
VGE= 20V 


Gate-Emitter 
Plateau 
VGEP 
Ie = S A 
3.4' 
6.8' 
3.4' 
6.8' 
V 
Voltage 
Vce= 10V 


On-State Gate 


Qglonl 
Ie = S A 
12' 
2S" 
12' 
2S' 
nC 
Charge 
VeE=10V 


Turn-On 
Delay Time 
tdlonl 
Ie = S A 
SOmax 


Rise Time 
t, 
V CEICLPI 
;;; 300 V 
SOmax 
- 


Turn-Off 
Delay Time 
!dlotfl 
L=SO/lH 
400 max' 


Fall Time 
t. 
TJ = 12SoC 
2N697S 
1000 max' 
ns 
VGE= 10V 
2N6976 


RG= SOn 
2N6977 
SOOmax' 
2N6978 


Turn-Off 
Eo. 
Ie=SA 
Energy Loss 
Vcelo.P'= 300 V 
2N697S 
1000 max' 
per Cycle 
L = SO/lH 
2N6977 


(off switching 
dissipation 
TJ = 12SoC 
. 
/lJ 
= Eo. x frequency) 
VGE=10V 
2N6976 
SOOmax' 
RG= SOn 
2N6978 


Thermal 
Resistance 
1.2S' 
°CIW 
Junction-to-Case 
ReJe 


- 


~ 


',,------- 


~ 
I'---..... 


W 
<:J 
~ 
o 
> 
g 
o 
~ •.• 
1.1 
~[ 
W 


W<:J 
~2; 
Cl 
0.9 


-50 
50 
100 
150 


JUNCTION 
TEMPERATURE (Tj)-degC 


CTHRCW10N5QAMl 


Fig. 1 - Typical normalized gate threshold voltage as a function of 
junction 
temperature for all types. 
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Fig. 5 - Typical collector-to-emitter 
on-voltage as a function of 
collector current for all types. 
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Fig. 6 - Capacitance as a function of collector-to-emitter 
voltage fo 


all types. 
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(lJHARRIS 
HGTD6N40E1 /E1 S 
HGTD6N50E1 /E1 S 
N-Channel Enhancement-Mode 


Insulated Gate Bipolar Transistors (IGBTs) 


• 6 Amp, 400 and 500 Volt 


• VCE(ON): 2.5V Max. 


• TFall: 1IJs 


• Low On-State Voltage 


• Fast Switching 
Speeds 


• High Input Impedance 


• Power Supplies 


• Motor Drives 


• Protective 
Circuits 


Description 


The HGTD6N40E1, HGTD6N40E1S, HGTD6N50E1,and HGTD6N50E1S 
are n-channel 
enhancement-mode insulated gate bipolar transistors 


(IGBTs)designed for high voltage, low on-dissipation applications such as 
switching regulators and motor drivers. These types can be operated 
directly from low power integrated circuits. The HGTD6N40E1 and the 
HGTD6N50E1 are supplied in the JEDECTO-251M 
plastic package. The 
HGTD6N40E1S and the HGTD6N50E1S are supplied in the JEDEC 
TO-252M 
surface-mount plastic package. 


HGTD6N40E1,HGTD6N50E1 
TO-251M 
TOP VIEW 


HGTD6N40E1S,HGTD6N50E1S 
TO-252M 
TOP VIEWQ 


EMITTER 
COLLECi~_ 
COLLECTOR 


GATE 


Terminal Diagram 


N-CHANNEL ENHANCEMENT MODE 


G 
a:: 
~e 
<~ 
C.:J'" 
CZ 


E 
w~ 
........ 
5 a:: 
~5 
Z CI 
-0. 


HGTD6N50E1 
m 


HGTD6N50E1S 
UNITS 


500 
V 
500 
V 


±20 
V 


7.5 
A 
6 
A 
60 
W 
0.48 
W/oC 
-55to+150 
°C 


Absolute 
Maximum 
Ratings 
(TC "" 250C), Unless Otherwise Specified 


HGTD6N40E1 
HGTD6N40E1S 


Collector-Emitter Voltage 
VCES 
Collector-Gate Voltage RGE = 1MO 
VCGR 
Gate-Emitter Voltage 
VGE 
Collector Current Continuous 
atTc = 25°C 
IC25 
at TC = 900C 
IC90 
Power Dissipation Total @ TC = 25°C 
PD 
Power Dissipation Derating TC = 250C 
. 


Operating and Storage Junction Temperature Range 
TJ, TSTG 


7.5 
6 
60 
0.48 
-55 to +150 


HARRIS SEMICONDUCTOR IGBT PRODUCT IS COVERED BY ONE OR MORE OF THE FOLLOWING U.S. PATENTS: 


4,364,073 
4,417,385 
4,430,792 
4,443,931 
4,466,176 
4,516,143 
4,532,534 
4,567,641 


4,587,713 
4,598,461 
4,605,948 
4,618,872 
4,620,211 
4,631,564 
4,639,754 
4,639,762 
4,641,162 
4,644,637 
4,682,195 
4,684,413 
4,694,313 
4,717,679 
4,743,952 
4,783,690 
4,794,432 
4,801,986 
4,803,533 
4,809,045 
4,809,047 
4,810,665 
4,823,176 
4,837,606 


4,860,080 
4,683,767 
4,888,627 
4,890,143 
4,901,127 
4,904,609 
4,933,740 
4,963,951 
4,969,027 


LIMITS 


TEST 
HGTD6N40E1 
HGTD6N50E1 
CHARACTERISTIC 
CONDITIONS 
HGTD6N40E1S 
HGTD6N50E1S 
UNITS 


MIN. 
MAX. 
MIN. 
MAX. 


Collector-Emitter 
Breakdown Voltage 
BVcEs 
Ic = 250J.lA 
400 
- 
500 
- 
VGE= 0 
V 
Gate Threshold Voltage 
VGElthl 
VGE= VCE 
2 
4.5 
2 
4.5 
Ic = 1 mA 


Zero-Gate Voltage Collector Current 
ICEs 
TJ = 150°C 
VCE= 400 V 
- 
250 
- 
- 
J.lA 
VCE= 500 V 
- 
- 
- 
250 


Gate-Emitter 
Leakage Current 
IGES 
VGE= ±20 V 
- 
100 
- 
100 
nA 
VCE= 0 


Collector-Emitter 
On-Voltage 
VCElonl 
Ic= 3A 
VGE=10V 
- 
2.9 
- 
2.9 
Tj = 150°C 


Ic =3A 
VGE=15V 
- 
2.5 
- 
2.5 
TJ = 150°C 
V 


Ic =3A 
VGE= 10V 
- 
2.5 
- 
2.5 
TJ = 25°C 


Ic = 3 A 
VGE= 15 V 
- 
2.4 
- 
2.4 
TJ = 25°C 


Gate-Emitter 
Plateau Voltage 
VGEP 
Ic= 3A 
6.5 (typ) 
V 
VCE=10V 


On-State Gate Charge 
QGlon) 
Ic= 3A 
6.9 (typ) 
nC 
VcE=10V 


Turn-On 
Delay Time 
Io'on) 
Resistive Load 
90 (typ) 


Rise Time 
t, 
Ic =3A 
32 (typ) 


Turn-Off 
Delay Time 
ns 
td10ttl 
RL=1330 
24 (typ) 


Fall Time 
t. 
VCE= 400 V 
1100 (typ) 


Turn-Off 
Energy Loss per Cycle 
WOff 
TJ=150°C 
(off switching dissipation = 
VGE=10V 
0.29 (typ) 
mJ 


WOff x frequency) 
Rg = 25 0 


Turn-Off 
Delay Time 
tdlotfl 
Inductive Load 
- 
190 
- 
190 
ns 


Fall Time 
t. 
(see Fig. 6) 
- 
1 
- 
1 
J.lS 


Turn-Off 
Energy Loss per Cycle 
WOff 
Ic=3A 
(off switching dissipation = 
VCElclpl= 400 V 


WOff x frequency) 
RL=1330 
L = 50J.lH 
- 
0.43 
- 
0.43 
mJ 
TJ = 150°C 
VGE=10V 
Rg = 25 0 


Thermal Resistance Junction-to-Case 
ReJc 
- 
2.08 
- 
2.08 
°C/W 
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Fig. 3 - Saturation voltage as a function of collector-emitter 


current. (Typical) 


Fig. 5 - Capacitance as a function of collector-to-emitter 


voltage. (Typical) 
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Fig. 4 - DC collector current as a function of case 
temperature. 
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Fig. 7 - Turn-off delay as a function of collector-to-emitter 
current. (Typical) 
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Fig. 9 - Turn-off switching loss as a function of collector- 


emitter current. (Typical) 


Fig. 8 - Fall time as a function of collector-to-emitter 
current. 


(Typical) 
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Fig. 10 - Maximum operating frequency as a function of 
collector current and voltage. (Typical) 


m HARRIS 
HG~P6N40E1D 
HGTP6N50E1D 
N-Channel Enhancement-Mode Insulated Gate 


Bipolar Transistors (IGBTs) with Anti-Parallel Ultra-Fast Diode 


• 6 Amp, 400 and 500 Volt 


• Latch Free Operation 


• Typical Fall Time < 1.111S 


• High Input Impedance 


• Low -Conduction Loss 


• With Anti-Parallel Diode 


• trr < 60ns 


Description 


The IGBT is a MOS gated high voltage switching device combining the 
best features of MOSFETs and bipolar transistors. The device has the high 
input impedance of a MOSFET and the low on-state conduction loss of a 
bipolar transistor. The much lower on-state 
voltage drop varies only 
moderately between 250C and 1500C. The diode used in parallel with the 
IGBT is an ultrafast (trr < 60ns) with soft recovery characteristic. 


The IGBTs are ideal for many high voltage switching applications operating 
at frequencies where low conduction losses are essential, such as: AC 
and DC motor controls, power supplies and drivers for solenoids, relays 
and contactors. 


These devices are supplied in the JEDEC TO-220 package. 


COLl.ECTOREJ[) 
IFLANLGEl 0 
~=~: 
EMmER 
~ 
COUECTOR 
~=~.GATE 


Terminal Diagram 


N-CHANNEL 
ENHANCEMENT 
MODE 


C 


Collector-Emitter 
Voltage ....•....•..•.......•.•..•.........•.•..•. 
BVCES 
Collector-Gate 
Voltage RGE = 1MO 
BVCGR 
Collector Current Continuous 


atTc 
= 250C 
...........••....•........•.•••••........••••••..... 
IC25 


atTc 
= 9QOC •.•.•..•..•.•..•.•.••..........•...•.•....•.•....... 
IC90 
Collector Current Pulsed (Note 1) ..............•............•.•..••.... 
ICM 
Gate-Emitter 
Voltage Continuous 
.................................•.. 
VGES 
Diode Forward Current 
atTc 
= 25°C 
.............................•..............•••••.... 
1125 
at TC = 9QOC ...............•............•........................ 
1190 
Power Dissipation 
Total @TC=250C 
•.........•...•.................... 
PD 
Power Dissipation 
Derating TC > 250C ...........•.•....•.......•••.•...... 
Operating and Storage Junction Temperature 
Range 
TJ, TSTG 
Maximum Lead Temperature 
lor Soldering 
.•.........•................... 
TL 


10 
6 
75 
0.6 
-55to+150 
260 


HGTP6NSOE1D 
UNITS 


500 
V 
500 
V 


7.5 
A 
6 
A 
7.5 
A 
±20 
V 


10 
A 
6 
A 
75 
W 
0.6 
W/oC 
-55 to +150 
°C 
260 
°c 


4,364,073 
4,417,385 
4,430,792 
4,443,931 
4,466,176 
4,516,143 
4,532,534 
4,567,641 
4,587,713 
4,598,461 
4,605,948 
4,618,872 
4,620,211 
4,631,564 
4,639,754 
4,639,762 
4,641,162 
4,644,637 
4,682,195 
4,684,413 
4,694,313 
4,717,679 
4,743,952 
4,783,690 


4,794,432 
4,601,986 
4,603,533 
4,809,045 
4,809,047 
4,810,665 
4,823,176 
4,837,606 


4,860,080 
4,683,767 
4,888,627 
4,890,143 
4,901,127 
4,904,609 
4,933,740 
4,963,951 


4,969,027 


LIMITS 


TEST 
HGTP6N40E1 D 
HGTP6NSOE1D 


CHARACTERISTIC 
SYMBOLS 
CONDITIONS 
MIN. 
MAX. 
MIN. 
MAX. 
UNITS 


Collector-Emitter 
Breakdown Voltage 
BVCES 
IC=1.25mA 
400 
- 
SOO 
- 
V 
VGE=O 


Gate Threshold Voltage 
VGE(th) 
VGE=VCE 
2 
4.5 
2 
4.5 
V 
IC=1mA 


Zero-Gate Voltage Collector Current 
ICES 
TJ= 1500C 


VCE=400V 
- 
1.25 
- 
- 
mA 


VCE = 500V 
- 
- 
- 
1.25 
mA 


Gate-Emitter Leakage Current 
IGES 
VGE=±20V 
- 
100 
- 
100 
nA 
VCE=O 


Collector-Emitter 
On-Vo~age 
VCE(on) 
IC=3A 
- 
2.9 
- 
2.9 
V 
VGE =10V 
TJ= 1500C 


IC=3A 
- 
2.5 
- 
2.5 
V 
VGE =15V 
TJ=1500C 


IC=3A 
- 
2.5 
- 
2.5 
V 
VGE =10V 
TJ=250C 


IC=3A 
- 
2.4 
- 
2.4 
V 
VGE =15V 
TJ = 250C 


Gate-Emitter Plateau Voltage 
VGEP 
IC=3A 
6.5 (typ.) 
V 
VCE=10V 


On-State Gate Charge 
QG(on) 
IC=3A 
6.9 (lyp) 
nC 
VCE=10V 


Turn-On Delay Time 
td(on) 
Resistive Load 
90 (typ) 
ns 


Rise Time 
tr 
IC = 3A, RL = 1330 
32 (typ) 
ns 


Turn-Off DelayTime 
tdCoff) 


VCE =400V 
24 (typ) 
ns 


Fall Time 
TJ=1500C 
tf 
VGE= 10V 
1100 (lyp) 
ns 


Turn-Off Energy Loss Per Cycle 
Woff 
Rg=250 
0.29 (typ) 
mJ 


(Off Switching Dissipation = 
Woff x frequency) 


Turn-Off Delay Time 
td(off)i 
Inductive Load 
- 
190 
- 
190 
ns 


Fall Time 
tfi 
(See Figure 6) 
- 
1 
- 
1 
lis 


Turn-Off Energy Loss Per Cycle 
Wof! 
IC = 3A, RL = 1330 
- 
0.43 
- 
0.43 
mJ 
(Off Switching Dissipation = 
L = 50llH, Rg = 250 


Wof! x frequency) 
VCE(clp) = 400V 
TJ = 1500C 


VGE = 10V 


Thermal Resistance Junction-to-Case 
RSJC 
- 
2.08 
- 
2.08 
°C/W 
(IGBT) 


Thermal Resistance of Diode 
RSJC 
- 
2 
- 
2 
°C/W 


Diode Forward Voltage 
VEC 
'EC=6A 
- 
1.6 
- 
1.6 
V 


Diode Reverse Recovery Time 
Trr 
IEC=6A 
- 
60 
- 
60 
ns 
di/dt= 
100Allls 
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FIGURE 
3. SATURATION 
VOLTAGE 
AS A FUNCTION 
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FIGURE 
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FIGURE 7. TURN-OFF DELAY AS A FUNCnON 
OF 
COLLECTOR- TO-EMITTER 
CURRENT 
(TYPICAL) 
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FIGURE 9. TURN-OFF SWITCHING LOSS AS A FUNCTION 
OF COLLECTOR-EMITTER 
CURRENT (TYPICAL) 
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FIGURE 8. FALL TIME AS A FUNcnON 
OF 
COLLECTOR- TO-EMITTER 
CURRENT (TYPICAL) 
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FIGURE 10. MAXIMUM OPERATING FREQUENCY AS A 
FUNCTION OF COLLECTOR CURRENT AND 
VOLTAGE (TYPICAL) 
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FIGURE 12. TYPICAL FORWARD VOLTAGE 
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HGTDfON40Ff/FfS 
HGTDf ON50Ff IFf S 


N-Channel Enhancement-Mode 


Insulated Gate Bipolar Transistors (IGBTs) 


mHARRIS 


• 10 Amp, 
400 
and 
500 Volt 


• VCE(ON): 
2.5V 
Max. 


• TFall: 
1.4fJS 


• Low On-State 
Voltage 


• Fast Switching 
Speeds 


• High 
Input 
Impedance 


Applications 


• Power 
Supplies 


• Motor 
Drives 


• Protective 
Circuits 


Description 


The 
HGTD10N40F1, 
HGTD10N40F1S, 
HGTD10N50F1, 
and 
HGTD1 ON50F1 S 
are 
n-channel 
enhancement-mode 
insulated 
gate 
bipolar 
transistors 
(IGBTs) designed 
for high voltage, 
low on-dissipation 
applications 
such as switching 
regulators 
and motor drivers. These types 
can be operated 
directly 
from low power integrated 
circuits. 


The HGTD10N40F1 
and the HGTD10N50F1 
are supplied 
in the JEDEC 
TO-251M 
plastic 
package. 
The 
HGTD10N40F1S 
and 
the 
HGTD1 ON50F1 S are supplied 
in the JEDEC 
TO-252M 
surface-mount 
plastic 
package. 


Packages 


HGT010N40F1, 
HGT010N50F1 
TO-251AA 
TOP VIEW 


HGT010N40F1S,HGTD10N50F1S 
TO-252AA 
TOP VIEWO 


EMITIER 
COLLEC~~~_ 
COLLECTOR 


GATE 


Terminal Diagram 


N-CHANNEL ENHANCEMENT MODE 


C 


Absolute Maximum Ratings (TC = 250C), Unless Otherwise 
Specified 
HGTD10N40F1 
HGT01 ON40F1S 


Coliector-EmilterVoltage 
VCES 
Collector-Gate Vollage RGE= 1MO 
VCGR 
Gate-EmilterVoltage 
VGE 
Collector Current Continuous 
aIT C = 25°C 
IC25 
at TC = 90°C 
IC90 
Power Dissipation Total @ TC = 25°C 
Po 
Power Dissipation Derating TC = 250C 
. 


Operating and Storage Junction Temperature Range 
TJ,TSTG 


HGTD10N50F1 
HGTD10N50F1S 
UNITS 


12 
10 
75 
0.6 
-55to+150 


12 
10 
75 
0.6 
-55to +150 


A 
A 
W 
W/oC 


°c 


HARRIS SEMICONDUCTOR IGBT PRODUCT IS COVERED BY ONE OR MORE OF THE FOLLOWING U.S. PATENTS: 


4,364,073 
4,417,385 
4,430,792 
4,443,931 
4,466,176 
4,516,143 
4,532,534 
4,567,641 
4,587,713 
4,598,461 
4,605,948 
4,618,872 
4,620,211 
4,631,564 
4,639,754 
4,639,762 
4,641,162 
4,644,637 
4,682,195 
4,684,413 
4,694,313 
4,717,679 
4,743,952 
4,783,690 
4,794,432 
4,801,986 
4,803,533 
4,809,045 
4,809,047 
4,810,665 
4,823,176 
4,837,606 
4,860,080 
4,883,767 
4,888,627 
4,890,143 
4,901,127 
4,904,609 
4,933,740 
4,963,951 
4,969,027 


LIMITS 


TEST 
HGTD10N40F1 
HGTD10N50F1 
CHARACTERISTIC 
CONDITIONS 
HGTD10N40F1S 
HGTD10N50F1S 
UNITS 


MIN. 
MAX. 
MIN. 
MAX. 


Collector-Emitter 
Breakdown Voltage 
BVCES 
Ic = 250 pA 
400 
- 
500 
- 
VGE= 0 
V 
Gate Threshold Voltage 
VGE'1h1 
VGE- VCE 
2 
4.5 
2 
4.5 
Ic = 1 mA 


Zero-Gate Voltage Collector Current 
ICEs 
TJ = 150°C 
VCE= 400 V 
- 
250 
- 
- 
pA 
VCE= 500 V 
- 
- 
- 
250 


Gate-Emitter 
Leakage Current 
IGES 
VGE- ±20V 
- 
100 
- 
100 
nA 
VCE= 0 


Collector-Emitter 
On-Voltage 
VCElon) 
Ic=5A 
VGE=10V 
- 
2.5 
- 
2.5 


Tj = 150°C 


Ic = 5A 
VGE= 15 V 
- 
2.2 
- 
2.2 


TJ = 150°C 
V 


Ic= 5A 
VGE= 10 V 
- 
2.5 
- 
2.5 


TJ = 25°C 


Ic=5A 
VGE=15V 
- 
2.2 
- 
2.2 


TJ = 25°C 


Gate-Emitter Plateau Voltage 
VGEP 
Ic= 5A 
5.3 (typ) 
V 
VCE=10V 


On-State Gate Charge 
OG'on) 
Ic= 5A 
13.4 (typ) 
nC 
VCE=10V 


Turn-On 
Delay Time 
't:tlonJ 
Resistive Load 
45 (typ) 


Rise Time 
t, 
Ic=5A 
35 (typ) 


, 
ns 
Turn-Off 
Delay Time 
t,'offJ 
RL = 800 
130 (typ) 


Fall Time 
tfi 
VCE= 400 V 
1400 (typ) 


Turn-Off 
Energy Loss per Cycle 
WoN 
TJ = 150° C 


(off switching dissipation = 
VGE=10V 
0.64 (typ) 
mJ 
WoNx frequency) 
R. = 25 0 


Turn-Off 
Delay Time 
fdloffl 
Inductive Load 
- 
375 
- 
375 
ns 
Fall Time 
tfi 
(see Fig. 6) 
- 
1200 
- 
1200 


Turn-Off 
Energy Loss per Cycle 
WoN 
Ic= 5A 


(off switching dissipation = 
VCE'CIP) 
= 400 V 
WoNx frequency) 
RL = 80 0 
L = 50 pH 
- 
1.2 
- 
1.2 
mJ 
TJ = 150°C 
VGE= 10V 
R. = 25 0 


Thermal Resistance Junction-to-Case 
R(JJc 
- 
1.67 
- 
1.67 
°CIW 
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Fig. 3 - Saturation voltage as a function of collector-emitter 
current. (Typical) 


Fig. 5 - Capacitance as a function of collector-to-emitter 
voltage. (Typical) 
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Fig. 4 - DC collector current as a function of case 
temperature. 
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Fig. 7 - Turn-off delay as a function 
of collector-to-emitter 
current. 
(Typical) 
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Fig. 9 - Turn-off switching 
loss as a function 
of collector- 
emitter current. (Typical) 
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Fig. 8 - Fall time as a function 
of collector-to-emitter 
current. 


(Typical) 
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Fig. 10 - Maximum 
operating 
frequency 
as a function 
of 
collector 
current and voltage. (Typical) 
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HGTH12N40C1 /40E1 /50C1 /50E1 
HGTM12N40C1 /40E1 /50C 1/50E1 
HGTP1ON40C1/40E1 /50C 1/50E1 


N-Channel Enhancement-Mode 


Insulated Gate Bipolar Transistors (IGBTs) 


mlHARRIS 


Features 


• lOA and l2A, 
400V and 500V 


• VCE(ON): 2.5V 


• TFi: 11ls, O.5fJs 


• Low On-State 
Voltage 


• Fast Switching 
Speeds 


• High Input Impedance 


• No Anti-Parallel 
Diode 


Applications 


• Power Supplies 


• Motor Drives 


• Protective 
Circuits 


Description 


The HGTH12N40C1, HGTH12N40E1, HGTH12N50C1, HGTH12N50E1, 
HGTM12N40C1, 
HGTM12N40E1, 
HGTM12N50C1, 
HGTM12N50E1, 
HGTP10N40C1, HGTP10N40E1, HGTP10N50C1, and HGTP10N50E1 
are n-channel 
enhancement-mode 
insulated gate bipolar transistors 
(IGBTs) designed for high-voltage, low on-dissipation applications such 
as switching regulators and motor drivers. These types can be operated 
directly from low-power integrated circuits. 


The HGTH-types are supplied in the JEDEC TO-218AC plastic package 
and the HGTP-types in the JEDEC TO-220AB plastic package. 


The HGTM-types are supplied in the JEDEC TO-204AA steel package. 


Packages 


HGTH-TYPES 
JEDEC 
TO-218AC 
TOP VIEW 


COLLECTORC€][E" 
EMITTER 
L- 0 
:: 
COLLECTOR 


:' 
GATE 


HGTP-TYPES 
JEDEC 
TO-220AB 
TOP VIEW 


COLLECTOR ~_ 
_ _ 
EMITTER 


(FLANGE) 0- 
--:COLLECTOR 
L 
--- GATE 


HGTM-TYPES 
JEDEC 
TO-204AA 
BOnOMVIEW 


EMIT~~~~C~OR 


~ 
GATE 


Terminal Diagram 


N-CHANNEL 
ENHANCEMENT 
MODE 


G~ 


E 


Absolute Maximum Ratings 
(Te = 250C), Unless Olherwise Specified 


HGTH12N40C1 
HGTH12N50C1 
HGTH12N40E1 
HGTH12N50E1 
HGTM12N40C1 
HGTM12N50C1 
HGTM12N40E1 
HGTM12N50E1 


Coliector-EmilterVoltage 
................•.•..•.•••.•........ 
VCES 
COllector-Gate 
Voltage RGE = 1MO .....••.•.•.•.............. 
VCGR 
Reverse COllector-Emitter 
Voltage ......•.•..•......•...... 
VCES(rev.) 
Gate-EmilterVoltage 
.•.•.•.........•..•..•..................•. 
VGE 
Collector 
Current Continuous 
..........•.•...•.................... 
Ie 
Collector 
Current Pulsed 
..........................•............ 
ICM 
Power Dissipation 
@ TC = 250C 
..•.........................•.... 
PD 
Power Dissipation 
Derate AboveTC 
=2SoC 
. 


Operating 
and Storage Junction 
Temperature 
Range 
TJ. TSTG 


400 
400 
-5 


±20 
12 
17.5 
75 
0.6 
-55 to +150 


500 
500 
-5 


±20 
12 
17.5 
75 
0.6 
-55 to +150 


HGTP10N40C1 
HGTP10N50C1 
HGTP10N40E1 
HGTP10N50E1 
UNITS 


400 
500 
V 


400 
500 
V 


-5 
-5 
V 


±20 
±20 
V 


10 
10 
A 


17.5 
17.5 
A 


60 
60 
W 
0.48 
0.48 
WfOC 


-55 to +150 
-5510+150 
°c 


4,364,073 
4.417.385 
4,430,792 
4,443.931 
4,466.176 
4,518,143 
4,587,713 
4,598,461 
4,605,948 
4,618,872 
4,620,211 
4,631,564 
4,841,162 
4,644,637 
4,682,195 
4,684,413 
4,694,313 
4,717,679 
4,794,432 
4,801.986 
4,803,533 
4,809,045 
4,809,047 
4,810,665 
4,860,080 
4,883,767 
4,888,627 
4,890,143 
4,901,127 
4,904,609 
4,969,027 


4,532,534 
4,639,754 
4,743,952 
4,823,176 
4,933,740 


4,567,641 
4,639,762 
4,783,690 
4,837,606 
4,963,951 


Specifications HGTH12N40C1, 40£1, 50C1, 50£1 
HGTM12N40C1, 
40£1, 50C1, 50£1 
HGTP10N40C1, 40£1, 50C1, 50£1 


LIMITS 


TEST 
~GTH12N40C1 
HGTH12N40E1 
HGTH12N50C1 
HOTH12N50E1 
CHARACTERISTICS 
SYMBOL 
CONDITIONS 
~GTM12N40C1 
HOTM12N40E 
IHOTM12NSOCI 
HOTH12N50El 
UNITS 
HGTP10N40C1 
HOTP10N40E1 
HOTP10N5OC1 
HGTP10N50E1 


Min. 
Max. 
Min. 
Max. 


Collector-Emitter 
BVcEs 
Ic = 1 mA 
400 
500 
Breakdown 
Voltage 
VOE = 0 
- 
- 
V 


Gate Threshold 
Voltage 
VGE(th) 
VGE= VCE 
2 
4.5 
2 
4.5 
V 
Ic = 1 mA 
3 (typ.) 
3 (typ.) 


VCE = 400 V 
- 
250 
- 
- 
Zero-Gate 
Voltage 
Collector 
VCE = 500 V 
- 
- 
- 
250 
Current 
ICEs 
Tc = 125°C 
- 
- 
- 
- 
pA 
VCE=400V 
- 
1000 
- 
- 
VCE= 500 V 
- 
- 
- 
1000 


Gate-Emitter 
Leakage 
IGES 
VGE= ±20 V 
- 
100 
- 
100 
nA 
Current 
VCE = 0 


10 = 10 A 
- 
2.5 
- 
25 


Collector-Emitter 
VGE=10V 


On Voltage 
VCE(on) 
Ic =17.5 A 
V 


VCE= 20 V 
- 
32 
- 
3.2 


Gate-Emitter 
Plateau 
VGEP 
Ic = 5 A 
- 
6 (typ.) 
- 
6 (typ.) 
V 
Voltage 
VCE= 10 V 


On-State 
Gate 
O.(on) 
Ic = 5 A 
- 
19 (typ.) 
- 
19 (typ.) 
nC 
Charge 
VCE= 10V 


Turn-On 
Delay 
Time 
t.(on) 
Ic = 10 A 
- 
50 
- 
50 


Rise Time 
t, 
VCEICLP,= 300 V 
- 
50 
- 
50 


Turn-Off 
Delay 
Time 
t.(off) 
L =50 pH 
- 
400 
- 
400 


Fall Time 
tfj 
TJ = 100°C 
Typ. 
Typ. 
ns 


40E1 
VGE = 10V 
680 
1000 
680 
1000 
50E1 
R. = 50 0 


40C1 
5OC1 
400 
500 
400 
500 


Turn-Off 
Eo" 
Ic =10 A 


Energy 
Loss 
40E1 
VCEICLP,= 300 V 
680 (typ.) 
per Cycle 
5OE1 
L = 50 pH 


(off switching 
dissipation 
TJ = 100°C 
pJ 


= EONx frequency) 
40C1 
VGE = 10V 
5OC1 
R. = 50 0 
400 (typ.) 


Thermal 
Resistance 
ReJC 
HGTH/HGTM 
- 
1.67 
- 
1.67 
Junction-to-Case 
HGTP 
- 
2.083 
- 
2.083 
°CIW 


HGTH12N40C1, 40£1, 50C1, 50£1 
HGTM12N40C1, 40£1, 50C1, 50£1 
HGTP10N40C1, 40£1, 50C1, 50£1 


.•......•.. 


~ 
5 
" 
10 
~ 


1 


2.5 


Fig. 1 - Maximum switching current/evel for all types. R. =50 
O.V-;;; = 0 V are the minimum allowable values. 
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Fig. 3 • Typical normalized gate threshold voltage as a function 
of junction temperature for all types. 
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Fig. 2 • Power dissipation vs. temperature derating curve for 


all types. 


Fig. 4 - Normalized thermal response characteristics 
for all 
types. 
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Fig. 7 - Typical collector-to-emitter 
on-voltage as a 
function of collector currant for all types. 
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voltage for all types. 
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N-Channel Enhancement-Mode 
Insulated Gate 


Bipolar Transistors (IGBTs) with Anti-Parallel Ultra-Fast Diode 


• 10 Amp, 400 and 500 Volt 


• VCE(ON): 2.5V Max. 


• TFall: 
1J.lS,0.5J.ls 


• Low On-State 
Voltage 


• Fast Switching 
Speeds 


• High Input Impedance 


• Anti-Parallel 
Diode 


Package 


JEDEC TO-220AB 
TOP VIEW 


COLLECTOR 
~_ 
_ _ 
_ 
EMITTER 


(FLANGE) 
0- 
--:COLLECTOR 
L- 
--- 
GATE 


Applications 


• Power Supplies 


• Motor Drives 


• Protective 
Circuits 


Terminal Diagram 


N-CHANNEl 
ENHANCEMENT MODE 


Description 


The 
HGTP1ON40C1D, 
HGTP1ON40E1D, 
HGTP1ON50C1D, 
and 
HGTP1ON50E1Dare 
n-channel 
enhancement-mode 
insulated 
gate 
bipolar transistors (IGBTs) designed for high voltage, low on-dissipation 
applications such as switching regulators and motor drivers. They feature a 
discrete anti-parallel diode that shunts current around the IGBT in the 
reverse direction without introducing carriers into the depletion region. 
These types can be operated directly from low power integrated circuits. 


They are supplied in the JEDEC TO-220AB plastic package. 


Collector-Emitter Voltage 
VCES 
Collector-Gate Voltage RGE = 1MO 
VCGR 
Gate-EmitterVoltage 
VGE 
Collector Current Continuous 
atTc = 25°C 
IC25 
at TC = 9QOC 
IC90 
Power Dissipation Total @TC=250C 
PD 
Power Dissipation Derating TC = 250C 
. 


Operating and Storage Junction Temperature Range 
TJ' TSTG 


G 


E 


= 
~e 
<~ 
t:lU) 
CZ 
wt2 
.--.-- 
HGTP10N50C1 D 
:5= 


HGTP10N50E1D 
UNITS 
~:5 
ze>- "- 
500 
V 
= 
500 
V 
±20 
V 


17.5 
A 
10 
A 
75 
W 
0.6 
W/oC 


-55to+150 
°C 


Absolute 
Maximum 
Ratings 
(Tc '" 250C), Unless Otherwise Specified 


HGTP10N40C1 D 
HGTP10N40E1D 


17.5 
10 
75 
0.6 


-55 to +150 


HARRIS SEMICONDUCTOR IGBT PRODUCT IS COVERED BY ONE OR MORE OF THE FOllOWING 
U.S. PATENTS: 


4,364,073 
4,417,385 
4,430,792 
4,443,931 
4,466,176 
4,516,143 
4,532,534 
4,567,641 


4,587,713 
4,598,461 
4,605,948 
4,618,872 
4,620,211 
4,631,564 
4,639,754 
4,639,762 
4,641,162 
4,644,637 
4,682,195 
4,684,413 
4,694,313 
4,717,679 
4,743,952 
4,783,690 
4,794,432 
4,801,986 
4,803,533 
4,809,045 
4,809,047 
4,810,665 
4,823,176 
4,837,606 
4,860,080 
4,883,767 
4,888,627 
4,890,143 
4,901,127 
4,904,609 
4,933,740 
4,963,951 
4,969,027 


LIMITS 


- 
HGTPl ON40Cl D 
HGTPl ON50Cl D 
HGTP10N40E1D 
HGTP10N50E1D 


CHARACTERISTIC 
SYMBOL 
TEST CONDITIONS 
MIN 
MAX 
MIN 
MAX 
UNITS 


Collector-Emitter 
Breakdown 
BVCES 
Ic=lmA,VGE=O 
400 
500 
- 
V 
Voltage 


Gate Threshold Voltage 
VGE(th) 
VGE= VCE' Ic = lmA 
2 
4.5 
2 
4.5 
V 


Zero-Gate Voltage Collector 
ICES 
VcE=400V 
- 
2S0 
- 
- 
ItA 
Current 
VCE = SOOV 
2S0 
ItA 
- 
- 


Tc = +12SoC 
VCE= 400V 
- 
1000 
- 
- 
ItA 


VCE=SOOV 
- 
- 
- 
1000 
ItA 


Gate-Emitter 
Leakage Current 
IGES 
VGE= ±20V, VCE= 0 
- 
100 
- 
100 
nA 


Collector-Emitter 
On-Voltage 
VCE(on) 
lc = 10A, VGE= 10V 
- 
2.S 
- 
2.S 
V 


Ic = 17.SA, VGE= 20V 
- 
3.2 
3.2 
V 


Gate-Emitter 
Plateau Voltage 
VGEP 
Ic = SA, VCE = 10V 
- 
6 (typ) 
- 
6 (typ) 
V 


On-State Gate Charge 
OG(on) 
Ic = SA, VCE= 10V 
- 
19 (typ) 
- 
19 (typ) 
nC 


Turn-On Delay Time 
lcl(on) 
Ic = lOA, VcE(clp) = 3OOV, 
50 
- 
SO 
ns 


Rise Time 
t,. 
L = 5OIlH, TJ = 100°C, VGE= 10V, 
- 
50 
- 
SO 
ns 
RG =SOO 


Turn-Off Delay Time 
lcl(off) 
- 
400 
- 
400 
ns 


Fall Time 
tff 
HGTP10N40E1D, 
680 
1000 
680 
1000 
ns 
HGTP10NSOE1D 
(typ) 
(typ) 


HGTP10N4OC1D, 
400 
SOO 
400 
SOO 
ns 
HGTP10NSOC1D 
(typ) 
(typ) 


Turn-Off Energy Loss Per 
Eoff 
Ic= 
lOA, 
HGTP10N40E1D, 
1810 (typ) 
I1J 
Cycle (Off Switching Dissipation 
VcE(clp) = 300V, 
HGTP10N50E1D 
= Eoffx Frequency) 
L=50IlH, 
HGTP10N4OC1 D, 
1070 (typ) 
I1J 
TJ = 100°C, 
VGE= 10V, 
HGTP10NSOC1D 


RG =500 


Thermal Resistance 
R8JC 
- 
1.67 
1.67 
°C/W 


Diode Forward Voltage 
VEC 
IEC= lOA 
- 
2 
- 
2 
V 


Diode Reverse Recovery Time 
TIT 
IEC= lOA, dVdt = 1ooAlIlS 
- 
100 
- 
100 
ns 


20 
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Fig. 1 - Maximum switching current level for all types. 
Minimum allowable values are R" = 500, 
VGE = OV 


a: 
w 
100 
~~ 
c!!:. 
80 
~8 
60 
l'>~ 
~UI 
ZUl 
40 
w~ 
0a: 
w 
20 
... 


~ 
~ 
~ 
100 
1~ 
1~ 


CASE TEMPERATURE(Td- °c 


Fig. 2 - Power dissipation vs. temperature 
derating curve for all 
types 
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Fig. 3 - Typical normalized gate-threshold 
voltage 
as a function of junction 
temperature 
for all types. 
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Fig. 7 - Capacitance as a function of collector-to-emitter 
voltage 
for all types. 
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Fig. 6 - Typical collector-to-emitter 
on-voltage as a 
function of collector current for all types. 
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Fig. 16 - Typical diode collector-to-emitter 
voltage vs. 


current for all types. 


HGTP1 ON40F1 D 
HGTP1 ON50F1 D 
N-Channel Enhancement-Mode Insulated Gate 


Bipolar Transistors (IGBTs) with Anti-Parallel Ultra-Fast Diode 


m HARRIS 


Features 


• 10 Amp, 400 and 500 Volt 


• Latch Free Operation 


• Typical 
Fall Time < l.4fJS 


• High Input Impedance 


• Low Conduction 
Loss 


• With Anti-Parallel 
Diode 


• trr < 60ns 


Description 


The IGBT is a MOS gated high voltage switching device combining the 
best features of MOSFETs and bipolar transistors. The device has the high 
input impedance of a MOSFET and the low on-state conduction loss of a 
bipolar transistor. The much lower on-state 
voltage drop varies only 
moderately between 250C and 1500C. The diode used in parallel with the 
IGBT is an ultrafast (trr < 60ns) with soft recovery characteristic. 


IGBTs are ideal for many high voltage switching applications operating at 
frequencies where low conduction losses are essential, such as: AC and 
DC motor controls, power supplies and drivers for solenoids, relays and 
contactors. 


Terminal Diagram 


N-CHANNEL 
ENHANCEMENT 
MODE 


C 


Collector-Emitter 
Voltage ...••.•...•.•.........•.•....••.•......•.. 
BVCES 
Collector-Gate 
Voltage RGE = 1MO ..•.••.•....•...•.•......•.•.•. 
BVCGR 
Collector Current Continuous 
atTc 
= 250C 
•...••.•...••.•...•••.••.....••.••.•.••......•.••.•. 
IC25 
at TC = 900C 
...........••.••..•••..•........••.•..•.•..•...•.••. 
IC90 
Collector Current Pulsed (Note 1) •.....•••..........••.••.•..•.......•• 
'CM 
Gate-Emitter 
Voltage Continuous 
......•.•...•.........••...••....... 
VGES 
Diode Forward Current 
at TC = 250C 
•.•...••.••.....••...•..••.••.•.......•.•.•••••••.•.. 
1125 
aIT C = 900C 
..........••.....•..............•............•.•..... 
1190 
Power Dissipation 
Total @TC=250C 
•......•..•••••••••........•••••••• 
PD 
Power Dissipation 
Derating TC > 250C ............•....................••.• 


Operating 
and Storage Junction Temperature 
Range ......•......... 
TJ' TSTG 
Maximum Lead Temperature 
lor Soldering 
•.•.........••••.••••.......••• 
TL 


16 
10 
75 
0.6 
-55 to +150 
260 


HGTP10NSOF1D 
UNITS 


500 
V 
500 
V 


12 
A 
10 
A 
12 
A 


±20 
V 


16 
A 


10 
A 
75 
W 
0.6 
W/oC 
-55to+1OO 
oC 
260 
oC 


4,364,073 
4,417,385 
4,430,792 
4,443,931 
4,466,176 
4,516,143 
4,532,534 
4,567,641 
4,587,713 
4,598,461 
4,605,948 
4,618,872 
4,620,211 
4,631,564 
4,639,754 
4,639,762 


4,641,162 
4,644,637 
4,682,195 
4,684,413 
4,694,313 
4,717,679 
4,743,952 
4,783,690 
4,794,432 
4,801,986 
4,803,533 
4,809,045 
4,809,047 
4,810,665 
4,823,176 
4,837,606 
4,860,080 
4,883,767 
4,888,627 
4,890,143 
4,901,127 
4,904,609 
4,933,740 
4,963,951 
4,969,027 


LIMITS 


TEST 
HGTP10N40F1D 
HGTP10NSOF1D 


CHARACTERISTIC 
SYMBOLS 
CONDITIONS 
MIN. 
MAX. 
MIN. 
MAX. 
UNITS 


Collector-Emitter Breakdown Voltage 
BVCES 
Ic=1.25mA 
400 
- 
500 
- 
V 


VGE=O 


Gate Threshold Voltage 
VGE(th) 
VGE=VCE 
2 
4.5 
2 
4.5 
V 
IC=1mA 


Zero-Gate Voltage Collector Current 
ICES 
TJ=1500C 


VCE=400V 
- 
1.25 
<- 
- 
mA 


VCE=500V 
- 
- 
,- 
1.25 
mA 


Gate-Emitter Leakage Current 
IGES 
VGE=±20V 
- 
100 
- 
100 
nA 
VCE=O 


Collector-Emitter On-Voltage 
VCE(on) 
IC=5A 
- 
2.5 
- 
2.5 
V 


VGE =10V 
TJ=1500C 


IC=5A 
- 
2.2 
- 
2.2 
V 
VGE =15V 
TJ = 1500C 
I 


IC=5A 
- 
2.5 
- 
2.5 
V 


c 
VGE =10V 
TJ=250C 


IC=5A 
- 
2.2 
- 
2.2 
V 


VGE =15V 
TJ = 250C 


Gate-Emitter Plateau Voltage 
VGEP 
IC=5A 
5.3 (typ.) 
V 
VCE= 10V 


On-State Gate Charge 
°G(on) 
IC=5A 
13.4 (typ) 
nC 
VCE = 10V 


Turn-On DelayTime 
td(on)i 
Resistive Load 
45 (typ) 
ns 


RiseTime 
tri 
IC = 5A,RL = 800 
35 (typ) 
ns 


Turn-Off Delay Time 
tdloffli 
VCE = 400V 
130 (typ) 
ns 
TJ = 1500C 


- 


Fall Time 
tf 
VGE = 10V 
1400 (typ) 
ns 


Turn-Off Energy Loss Per Cycle 
Woft 
Rg=250 
0.64 (typ) 
mJ 


(Oft Switching Dissipation = 
Woft x frequency) 


Turn-Oft Delay Time 
tdloftli 
Inductive Load 
- 
375 
.- - 
375 
ns 


Fall Time 
tfi 
(See Figure 6) 
- 
1200 
- 
1200 
ns 


Turn-Oft Energy Loss Per Cycle 
Woft 
IC = 5A,RL =800 
- 
1.2 
- 
1.2 
mJ 


(Oft Switching Dissipation = 
L = 50~H, Rg = 250 


Woff x frequency) 
VCE(c1p)= 400V 


I 


TJ=1500C 


VGE=10V 


Thermal Resistance Junction-to-Case 
ROJC 
- 
1.67 
- 
1.67 
°C/W 
(IGBT) 


Thermal Resistance of Diode 
ROJC 
- 
2 
- 
2 
°C/W 


Diode Forward Voltage 
VEC 
IEC= 10A 
- 
1.7 
- 
1.7 
V 


Diode Reverse RecoveryTime 
Trr 
IEC= 10A 
- - 
60 
- 
60 
ns 
di/dt= 
100N~s 
I 


PULSE DURATlDN-25DuS, 
DUTY CYCLE <.5%, 
To-25degC 
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FIGURE 6. INDUCTIVE SWITCHING TEST CIRCUIT 
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FIGURE 9. TURN-OFF 
SWITCHING 
LOSS AS A FUNCTION 
OF COLLECTOR-EMITTER 
CURRENT (TYPICAL) 


Al.-tOO.OOHNS 
......,.. 
. 
_w 


IgflEFl 
20 IglACl) 
TIME-MICROSECONDS 


2 


'"~ 


~~ 


~ 
•... 
...• 
...• 
'" 
IL 


~ 
...••.•...... 


- 
Ves 
• 
4DDV 


FIGURE 8. FALL TIME AS A FUNCTION OF 
COLLECTOR- TO-EMITTER 
CURRENT (TYPICAL) 


H 
TJ-160d.gC. 
T.-l00do 
C. V .-IOY. 
Rg-U._. 
Pt-76V. 
L-60u1t 
zt(D) 
! 


FIGURE 10. MAXIMUM OPERATING FREQUENCY AS A 
FUNCTION OF COLLECTOR 
CURRENT AND 
VOLTAGE (TYPICAL) 
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m HARRIS 
HGTH12N40C1D, 
E1D 


HGTH12N50C1D, 
E1D 


N-Channel Enhancement-Mode Insulated Gate 


Bipolar Transistors (IGBTs) with Anti-Parallel Ultra-Fast Diode 


• 12 Amp, 400 and 500 Volt 


• VCE(ONF 2.5V Max. 


• TFall: 1f.ls,0.5f.ls 


• Low On-State Voltage 


• Fast Switching 
Speeds 


• High Input Impedance 


• Anti-Parallel 
Diode 


Applications 


• Power Supplies 


• Motor Drives 


• Protective Circuits 


Description 


The 
HGTH12N40C1D, 
HGTH12N40E1D, 
HGTH12N50C1D, 
and 
HGTH12N50E1D are n-channel 
enhancement-mode 
insulated gate 
bipolar transistors (IGBTs) designed for high voltage, low on-dissipation 
applications such as switching regulators and motor drivers.Theyfeature a 
discrete anti-parallel diode that shunts current around the IGBT in the 
reverse direction without introducing carriers into the depletion region. 
These types can be.operated directly from low power integrated circuits. 


They are supplied in the JEDEC TO-218AC plastic package. 


Package 


JEDEC 
TO-218AC 
TOP VIEW 


EMITTER 


COLlECTOR 


GATE 


Terminal Diagram 


N-CHANNEL 
ENHANCEMENT 
MODE 


Absolute 
Maximum 
Ratings 
(Tc = 250C), Unless Otherwise Specified 


HGTH12N40C1D 
HGTH12N40E1 
D 


Collector-Em 
itter Voltage .......................•......•............ 
VCES 
Collector-Gate 
Voltage RGE = 1MO 
VCGR 
Gate-EmitterVoltage 
VGE 
Collector Current Continuous 
..........................•................ 
IC 
Collector Current Pulsed 
......••.....•••...........•..•.............. 
ICM 
Power Dissipation 
Total @ TC = 250C .....•............................. 
Po 
Power Dissipation 
Derating TC = 250C 
. 
Operating 
and Storage Junction Temperature 
Range ...•.••.•....... 
TJ' TSTG 


400 
400 
±20 
12 
17.5 
75 
0.6 
-55 to +150 


500 
500 
±20 
12 
17.5 
75 
0.6 
-55to+150 


V 
V 
V 


A 


A 
W 
W/oC 
oC 


HARRIS SEMICONDUCTOR 
IGBT PRODUCT 
IS COVERED 
BY ONE OR MORE OF THE FOLLOWING 
U.S. PATENTS: 


4,364,073 
4,417,385 
4,430,792 
4,443,931 
4,466,176 
4,516,143 
4,532,534 
4,567,641 


4,587,713 
4,598,461 
4,605,948 
4,618,872 
4,620,211 
4,631,564 
4,639,754 
4,639,762 
4,641,162 
4,644,637 
4,682,195 
4,684,413 
4,694,313 
4,717,679 
4,743,952 
4,783,690 
4,794,432 
4,601,986 
4,803,533 
4,809,045 
4,809,047 
4,810,665 
4,823,176 
4,837,606 


4,860,080 
4,883,767 
4,888,627 
4,890,143 
4,901,127 
4,904,609 
4,933,740 
4,963,951 
4,969,027 


a: 
~~ 
<~ 
t:JU> 
CZ 
w;2 
l-l- 
:5 a: 
~:5 
ZCl 
- 
Cl.= 


•• "_ •• ,, ",al"'''''''' n 
L..I,...TL..Itf".,A"rtfn 
L.I~¥ 
•• ")AI iI3{'n'D...Jl~TW"~I'L~JJE',f." 
CHARACTERISTIC 
CONDITIONS 
HGTH12N40E1D 
HGTH12NSOE1D 
UNITS 


MIN. 
MAX. 
MIN. 
MAX. 


Collector-Emitter 
Breakdown 
Voltage 
BVcES 
Ic - 1 mA 
400 
- 
500 
- 
Vae = 0 
V 


Gate Threshold 
Voltage 
Vae(th) 
Vae- Vce 
2 
4.5 
2 
4.5 
Ic = 1 mA 
Vce - 400 V 
- 
250 
- 
- 
Vce = 500 V 
- 
- 
- 
250 
Zero-Gate 
Voltage Collector 
Current 
Ices 
Tc=125°C 
- 
- 
- 
- 
pA 


Vce = 400 V 
- 
1000 
- 
- 
Vce = 500 V 
- 
- 
- 
1000 


Gate-Emitter 
Leakage Current 
laes 
Vae - ±20 V 
- 
100 
- 
100 
nA 
Vce = 0 
Ic = 10 A 
- 
2.5 
- 
2.5 
Collector-Emitter 
On-Voltage 
Vce(on) 
Vae = 10 V 
Ic-17.5A 
- 
3.2 
- 
3.2 
V 
Vae = 20 V 


Gate-Emitter 
Plateau Voltage 
Vaep 
Ic - 5 A 
- 
6 (typ) 
- 
6 (typ) 
Vce= 10V 


On-State Gate Charge 
Oa(on) 
Ic= SA 
- 
19(typ) 
- 
19(typ) 
nC 
Vce=10V 
Turn-On 
Delay Time 
t.(on) 
- 
50 
- 
50 
Rise Time 
t, 
Ic = 10 A 
- 
50 
- 
50 
Turn-Off 
Delay Time 
tololl) 
Vce(clp) = 300 V 
- 
400 
- 
400 
Fall Time 
t" 
L = 50 pH 
4OE10 
TJ = 100'C 
TYP 
TYP 
ns 


5OE10 
Vae = 10 V 
680 
1000 
680 
1000 


4OC10 
R. = 50 n 
TYP 
TYP 
5OCl0 
400 
500 
400 
500 
Turn-Off 
Energy Loss per Cycle 
Eo" 
Ic = 10 A 
(olf switching 
dissipation 
= 
4OE10 
Vce(clp) = 300 V 
1810 (typ) 
Eo••x frequency) 
5OE10 
L = 50 pH 
TJ=100'C 
pJ 
40Cl0 
1070 (typ) 
50Cl0 
Vae = 10 V 
R. = 50 n 
Thermal Resistance Junction-to-Case 
R8Jc 
- 
1.67 
- 
1.67 
'C/W 
Diode Forward Voltage 
Vec 
lec-1OA 
- 
2 
- 
2 
V 


Diode Reverse Recovery Time 
T" 
lec -10A 
- 
100 
- 
100 
di/dt = 100 A/IJS 
ns 


~ 
t'-.... 


~ 


~ 


~, 


Fig. 1- Maximum 
switching 
current 
level for all types. 


Minimum 
allowable 
values are R. = 50 0, VGe = 0 V. 
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Fig. 2 - Power dissipation 
vs. temperature 
derating 
curve 
for all types. 
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Fig. 3 - Typical normalizad gata-thrashold voltaga 
as a function of junction temperatura for all types. 
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Fig. 7 - Capacitance as a function of collector-to-emitter 
voltage 
for all types. 
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Fig. 6 - Typical collector-to-emitter 
on-voltage as a 
function of collector currant for all types. 
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Fig. 15 - Normalized switching 
waveforms at constant gate current 
(Refer to Harris application 
notes AN7254 and AN 7260.) 
Fig. 16 - Typical diode collector-to-emitter 
voltege 
vs. 


current 
for all types. 


m HARRIS 
HGTG12N60D1D 


N-Channel Enhancement-Mode Insulated Gate 


May 1992 
Bipolar Transistor (IGBT) with Anti-Parallel Ultra-Fast Diode 


Features 
Package 


• 12 Amp, 
600 Volt 
TO-247 
TOP VIEW 
• Latch 
Free 
Operation 


• Typical 
Fall Time 
<SOOns 


Description 


The IGBT is a MOS 
gated 
high 
voltage 
switching 
device 
combining 
the 
best features 
of MOSFETs 
and bipolar 
transistors. 
The device has the high 
input impedance 
of a MOSFET 
and the low on-state 
conduction 
loss of a 
bipolar 
transistor. 
The 
much 
lower 
on-state 
voltage 
drop 
varies 
only 
moderately 
between 
+250C 
and +1500C. 
The diode 
used in parallel 
with 
the IGBT is an ultrafast 
(trr < 60ns) with soft recovery 
characteristic. 


The 
IGBTs 
are 
ideal 
for 
many 
high 
voltage 
switching 
applications 
operating 
at frequencies 
where 
low conduction 
losses are essential, 
such 
as: AC and DC motor controls, 
power 
supplies 
and drivers for solenoids, 
relays and contactors. 


This type is supplied 
in the JEDEC 
TO-247 
style package. 


: EMITTER 
COllECTOR 


GATE 


Terminal Diagram 


N-CHANNEL 
ENHANCEMENT MODE 


Coliector-EmilterVoltage 
BVCES 


Collector-Gate Voltage RGE = 1MO 
BVCGR 
Collector Current Continuous 
@TC = +250 •..•.•..•..•....••.......••••••...•.••••..••••........• 
IC25 
@TC=+900 
.....•...........•....................••............... 
IC90 
Collector Current Pulsed (1) 
ICM 


Gate-EmilterVoltage Continuous 
VGES 
Switching Safe Operating Area atTJ = +1500C 
SSOA 
Diode Forward Current 
@TC = +250 
If25 
@TC = +900 
1190 
Power Dissipation Total @TC = +250C 
Po 
Power Dissipation Derating TC > +250C 
. 


Operating and Storage Junction Temperature Range 
Tj, TSTG 
Maximum Lead Temperature for Soldering 
TL 
(0.125" from case for 5 seconds) 


HGTG12N60D1D 
UNITS 


600 
V 
600 
V 


21 
A 
12 
A 


48 
A 
±20 
V 
30A @0.8BVCES 


21 
A 
12 
A 
75 
W 
0.8 
W/oC 


-55to+150 
°c 
260 
°c 


HARRIS SEMICONDUCTOR IGBT PRODUCT IS COVERED BY ONE OR MORE OF THE FOLLOWING U.S. PATENTS: 


4,364,073 
4,417,385 
4,430,792 
4,443,931 
4,466,176 
4,516,143 
4,532,534 
4,567,641 
4,587,713 
4,598,461 
4,605,948 
4,618,872 
4,620,211 
4,631,564 
4,639,754 
4,639,762 


4,641,162 
4,644,637 
4,682,195 
4,684,413 
4,694,313 
4,717,679 
4,743,952 
4,783,690 
4,794,432 
4,601,986 
4,603,533 
4,809,045 
4,809,047 
4,810,665 
4,823,176 
4,837,606 
4,860,080 
4,683,767 
4,888,627 
4,890,143 
4,901,127 
4,904,609 
4,933,740 
4,963,951 
4,969,027 


Electrical 
Characteristics 
At Case Temperature (TC) = +250C. Unless Otherwise Specified 


LIMITS 


CHARACTERISTICS 
SYMBOL 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Collector-Emitter 
BVCES 
IC = 2801JA,VGE = OV 
600 
- 
- 
V 
Breakdown Voltage 


Collector-Emitter 
ICES 
VCE=BVCES 
TC=+250C 
- 
- 
280 
I'A 
leakage Voltage 
VCE = 0.8 BVCES 
TC=+1250C 
- 
- 
5.0 
mA 


Collector-Emitter 
VCEISAT) 
IC=IC90, 
TC=+250C 
- 
1.9 
2.5 
V 
Saturation Voltage 
VGE = 15V 
TC=+1250C 
- 
2.1 
2.7 
V 


Gate-Emitter 
VGE(TH) 
IC = 2501JA, 
TC= +250C 
3.0 
4.5 
6.0 
V 
Threshold Voltage 
VCE=VGE 


Gate-Emitter 
IGES 
VGE= :t20V 
- 
- 
:t500 
nA 
leakage 
Current 


Gate-Emitter 
VGEP 
IC = IC90' VCE = 0.5 BVCES 
- 
7.2 
- 
V 
Plateau Voltage 


On-State Gate Charge 
°Glon) 
IC=IC90. 
VGE = 15V 
- 
45 
60 
nC 
VCE = 0.5 BVCES 
VGE = 20V 
- 
70 
90 
nC 


Current Turn-On 
!d(on)i 
l = 500I'H.IC 
= IC90. Rg = 250, 
- 
100 
- 
ns 
Delay Time 
VGE = 15V, TJ = 1500C. 


Current Rise Time 
Iri 
VCE = 0.8 BVCES 
- 
150 
- 
ns 


Current Turn-Olf 
!d(off)i 
- 
430 
600 
ns 


Current Fall Time 
tfi 
- 
430 
600 
ns 


Turn-Olf 
Energy(l) 
Wolf 
- 
1.8 
- 
mJ 


Thermal Resistance IGBT 
RaJC 
- 
- 
1.67 
OC/W 


Thermal Resistance Diode 
RaJC 
- 
- 
1.5 
OC/W 


Diode Forward Voltage 
VEC 
IEC = 12A 
1.50 
V 


Diode Reverse Recovery Time 
trr 
IEC = 12A, di/dt = 100A/l's 
60 
ns 


(1) Turn-off 
Energy 
loss 
(Woft) is defined 
as the integral 
of the instantaneous 
power 
loss starting 
at the trailing 
idge of the input pulse and ending 
at the point 


where the collector 
current 
equals 
zero (ICE - 
OA) The HGTG12N60D1 
0 was tested 
per JEOEC 
standard 
No. 24-1 
Method lor Measurement 
of Power 


Device Turn-off 
Switching 
Loss. This test method 
produces 
the true total Turn-off 
Energy 
Loss. 
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Operating Frequency Information 


Operating frequency 
information 
for 
a typical 
device 
(Figure 10) is presented as a guide for estimating device 
performance for 
a 
specific 
application. 
Other typical 
frequency vs collector current (ICE)plots are possible using 
the information shown for a typical unit in Figures 7, 8 
and 9. The operating frequency plot (Figure 10) of a typical 
device shows fmax1 or fmax2 whichever is smaller at each 
point. The information is based on measurements of a 
typical device and is bounded by the maximum rated 
junction temeprature. 


fmax1 is defined by fmax1 = 0.05/!d(oft)i. td(oft)i deadtime 
(the denominator) has been arbitrarily held to 10% of the 
on-state time for a 50% duty factor. Other definitions are 
possible. td(off)i is defined as the time between the 90% 
point of the trailing edge of the input pulse and the point 
where the collector current falls to 90% of its maximum 
value. Device turn-off delay can establish an additional 


frequency limiting condition for an application other than 
TJMAX. td(off)i is important when controlling output ripple 
under a lightly loaded condition. 


fmax2 is defined by fmax2 = (PO - PC)lWoff. The allowable 
dissipation (PO) is defined by Po = (TJMAX - Tc)/ReJc. 
The sum of device switching and conduction losses must 
not exceed PO.A 50% duty factor was used (Figure 10) so 
that the conduction losses (PC) can be approximated by 
Pc = (VCE x ICE)/2. Woff is defined as the sum of the 
instantaneous power loss starting at the trailing edge of the 
input pulse and ending at the point where the collector 
current equals zero (ICE - OA). 


The switching 
power 
loss (Figure 
10) is 
defined as 
fmax1 x Woft. Turn on switching losses are not included 
because they can be greatly influenced by external circuit 
conditions and components. 


m HARRIS 
HGTM12N60D1 


N-Channel Enhancement-Mode 


Insulated Gate Bipolar Transistor (IGBT) 


• 12 Amp, 600 Volt 


• Latch 
Free 
Operation 


• Typical 
Fall Time 
<SOOns 


• High 
Input 
Impedance 


• Low 
Conduction 
Loss 


Description 


The IGBT is a MOS 
gated 
high voltage 
switching 
devIce 
combining 
the 
best features 
of MOSFETs 
and bipolar 
transistors. 
The device has the high 
input impedance 
of a MOSFET 
and the low on-state 
conduction 
loss of a 
bipolar 
transistor. 
The 
much 
lower 
on-state 
voltage 
drop 
varies 
only 
moderately 
between 
+250C 
and +150oC. 


IGBTs 
are 
ideal 
for 
many 
hIgh 
voltage 
switching 
applications 
operating 
at 
moderate 
frequencies 
where 
low 
conduction 
losses 
are 


essential, 
such as: AC and DC motor controls, 
power supplies 
and drivers 
for solenoids, 
relays and contactors. 


This type is supplied 
in the JEDEC 
TO-204AA 
package. 


TO-204AA 
BODOM 
VIEW 


EMITTER 
COLLECTOR 
~LANGE)o 
GATE 


Terminal Diagram 


N-CHANNEL 
ENHANCEMENT MODE 
C 


G 


E 


a: 


HGTM12N60D1 
UNITS 
~e 
<~ 
t:lCl) 
CZ 


600 
V 
wii!! 


600 
V 
.-.- 
:Sa: 


21 
A 
~:s 
zo 


12 
A 
-1:1-a; 


48 
A 
±25 
V 
30A @0.8BVCES 
75 
W 
0.6 
W/oC 
-55to+150 
°C 
260 
°C 


Collector-Emitter Voltage 
BVCES 


Collector-Gate Voltage RGE = 1MO 
BVCGR 


Collector Current Continuous 


@TC = +250 ......................•••..•....•.•••••••...•••...•.•.• 
IC25 


@VGE=15V 
@TC=+900 
•••......••.............................. 
IC90 
Collector Current Pulsed (1) 
ICM 


Gate-Emitter Voltage Continuous 
VGES 
Switching Safe Operating Area atTJ = +1500C 
SSOA 
Power DissipalionTotal @TC=+250C 
PD 
Power Dissipation Derating TC > +250C 
. 


Operating and Storage Junction Temperature Range 
Tj,TSTG 


Maximum Lead Temperature for Soldering 
TL 


HARRIS SEMICONDUCTOR IGBT PRODUCT IS COVERED BY ONE OR MORE OF THE FOLLOWING U.S. PATENTS: 


4,364,073 
4,417,385 
4,430,792 
4,443,931 
4,466,176 
4,516,143 
4,532,534 
4,567,641 
4,587,713 
4,598,461 
4,605,948 
4,618,872 
4,620,211 
4,631,564 
4,639,754 
4,639,762 


4,641,162 
4,644,637 
4,682,195 
4,684,413 
4,694,313 
4,717,679 
4,743,952 
4,783,690 
4,794,432 
4,801,986 
4,603,533 
4,809,045 
4,809,047 
4,810,665 
4,823,176 
4,837,606 
4,860,080 
4,683,767 
4,888,627 
4,890,143 
4,901,127 
4,904,609 
4,933,740 
4,963,951 
4,969,027 


CHARACTERISTICS 
SYMBOL 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Collector-Emitter 
BVCES 
IC = 250~A, VGE = OV 
600 
- 
- 
V 
Breakdown Voltage 


Collector-Emitter 
ICES 
VCE=BVCES 
TC=+250C 
- 
- 
1.0 
~ 
Leakage Voltage 
VCE = 0.8 BVCES 
TC=+1250C 
- 
- 
4.0 
mA 


Collector-Emitter 
VCE(SAT) 
IC=IC90. 
TC=+250C 
- 
1.9 
2.5 
V 
Saturation Voltage 
VGE=15V 
TC=+1250C 
- 
2.1 
2.7 
V 


Gate-Emitter 
VGE(TH) 
IC=250~ 
TC=+250C 
3.0 
4.5 
6.0 
V 
Threshold Voltage 
VCE=VGE 


Gate-Emitter 
IGES 
VGE=±20V 
- 
- 
±500 
nA 
Leakage Current 


Gate-Emitter 
VGEP 
IC = IC90. VCE = 0.5 BVCES 
- 
7.2 
- 
V 
Plateau Voltage 


On-State Gate Charge 
°G(on) 
IC=IC90. 
VGE = 15V 
- 
45 
60 
nC 
VCE = 0.5 BVCES 
VGE=20V 
- 
70 
90 
nC 


Current Turn-On 
td(on)i 
L = 500~H,IC = IC90. Rg = 250, 
- 
100 
- 
ns 
Delay Time 
VGE = 15V. TJ = 1500C. 


Current Rise Time 
tri 
VCE = 0.8 BVCES 
- 
150 
- 
ns 


Current Turn-Oft Delay Time 
!d(ot!)i 
- 
430 
600 
ns 


Current Fall Time 
tti 
- 
430 
600 
ns 


Turn-Off Energy{l) 
Woft 
- 
1.8 
- 
mJ 


Thermal Resistance IGBT 
RSJC 
- 
- 
1.67 
°CIW 


(1) Turn-off 
Energy Loss (Wott) is defined as the integral of the instantaneous power loss starting at the trailing idge of the input pulse and ending at the point 


where the collector current equals zero (ICE = OA) The HGTM12N60Dl 
was tested per JEDEC 
standard 
No. 24-1 
Method for Measurement 
of Power 


Device Turn-off 
SWitching loss. This test method produces the true total Turn-off 
Energy loss. 


PULSE OURRTION-Z50u8. 
DUTY CYCLE < 0.51. 
VCg"" I OV 
PULSE OURATlON-Z50u8. 
DUTY CYCLE < 0.51. 
To-Z50C 


0: ZO.O 
J 


'" 
ZO 
I,. 
, 


~ 
16.0 
. 
.>. 


J 


u 
~ 
~ 
~ 
15 
. 
Vge-7.5V 
.• 
.• 
!12.0 


•.. 
~ / 


z 
w 
/1 


'"B 


~ 
~ 


10 
/ V 


Vge-7. 
OV 


8.0 
To-150OC- 
-t I 
•.. 
i~ 
ffi 
TO-Z50C 
; 


Vge-B.5V 
Ii; 
To--40 °c-----,-I./ 
6 
1/ 
~ 
4.0 
I hI) 
g 


..J 
Vge-B.OV 


5 
V 8-6.7V 


0.0 
u 
0 
0.0 
2.0 
4.0 
B.O 
B.O 
10.0 
a 
1 
2 
3 
4 
6 
GATI;-EMITTEA 
VOLTAGE (Vga' 
- 
V 
COLLECTOR-EMITTER VOLTAGE (Vce) 
- v 


FIGURE 1. TRANSFER CHARACTERISTICS 
(TYPICAL) 
FIGURE 2. SATURATION 
CHARACTERISTICS 
(TYPICAL) 


Vg.-16V 
1200 
Vc.· 
.•sov. 
VUe-IOV 
• 
16V. 
TJ-16D °e. 
R .-26ohlll 
•• 
L-600uH 
25 


a:, 
1(0) 
20 
-......-......~ 
m 
m 
u 
c 
aoo 
~ 
16 
~ 
z 


~ 


.- 
w 
::; 
'"'" 
~ aoo ----- 
a 
w 
10 
x 
- 
~ 
~, 
~ 
:.: 


...J 
400 
g 
~ 
6 


~ 


200 
uc 


0 
0 
25 
60 
76 
100 
125 
160 
I 
10 
20 
CASE TEMPERATURE( Tel - °c 
PEAK COLLECTOA-EMITTER CURRENT ( Ice) 
- 
A 


4 
TI-160 
°c 


> 


/ 
~ 
J 
/ 


m 
Vge-l0V 
././ 
u 
Vge-16V 
> 
~ 
w 
2 
wa: 
k:::::::::::::::: 
~ 
~ 
~ 
.-=~~ 
~ 
I~ 
lE 
i=::i 


:aoo 
\ 
1 -' 
W 
\ 
.1 J 
~@h - '00-"" J 
'00-••••_ 


c 
~ILiO.7~ 
Ve.. 
0.76 
Vo•• JI 
> JOO~- 
-I 
Lo.50 
VoeG-1- 
0.60 
Vc88....J1- 
m 
0.26 
VeGG 
0.26 
V098- 
; 
I 
I 


~u 160 II 
\ 
RL-aO.O 
OHMS 
rJ 


II 
Ig(REFl-0.868mA 
J 
1\ 


~ 
0 
~ 
Vgr 
OV I 
I 
J) 
1\\ 
0 


20 
Ig(REFl 
TIME 
(ll 
80 
Ig(REF) 
Ig(ACTl 
- u. 
Ig(ACTl 


ww 
a: 
t-- 
6.0 ~ 


FIGURE 6. NORMALIZED SWITCHING WAVEFORMS AT 
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APPLICATION NOTES AN7254 AND AN7260.) 
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Operating Frequency Information 


Operating 
frequency 
information for 
a typical 
device 
(Figure 10) is presented as a guide for estimating device 
performance 
for 
a 
specific 
application. 
Other 
typical 
frequency vs collector current (ICE)plots are possible using 
the information shown for a typical unit in Figures 7, 8 
and 9. The operating frequency plot (Figure 10) of a typical 
device shows fmax1 or fmax2 whichever is smaller at each 
point. The information is based on measurements of a 
typical device and is bounded by the maximum rated 
junction temeprature. 


fmax1 is defined by fmax1 = 0.05/td(01f)i.td(olf)i deadlime 
(the denominator) has been arbitrarily held to 10% of the 
on-state time for a 50% duty factor. Other definitions are 
possible. td(olf)i is defined as the time between the 90% 
point of the trailing edge of the input pulse and the point 
where the collector current falls to 90% of its maximum 
value. Device turn-olf 
delay can establish an additional 


frequency limiting condition for an application other than 
TJMAX. td(off)i is important when controlling output ripple 
under a lightly loaded condition. 


fmax2 is defined byfmax2 = (PO- PC)/Wolf. The allowable 
dissipation (PO) is defined by Po = (TJMAX - TC)/RSJC. 
The sum of device switching and conduction losses must 
not exceed PO.A 50% duty factor was used (Figure 10) so 
that the conduction losses (PC) can be approximated by 
Pc = (VCE x ICE)/2. Wolf is defined as the sum of the 
instantaneous power loss starting at the trailing edge of the 
input pulse and ending at the point where the collector 
current equals zero (ICE - OA). 


The switching 
power 
loss (Figure 
10) is 
defined as 


fmax1 x Wolf. Turn on switching losses are not included 
because they can be greatly influenced by external circuit 
conditions and components. 


fI) HARRIS 
HGTP12N60D1 


N-Channel 
Enhancement-Mode 


Insulated 
Gate Bipolar Transistor 
(IGBT) 


Features 


• 12 Amp, 600 Volt 


• Latch Free Operation 


• Typical Fall Time <500ns 


• High Input Impedance 


• Low Conduction 
Loss 


Description 


The IGBT is a MOS gated high voltage switching device combining the 
best features of MOSFETs and bipolar transistors. The device has the high 
input impedance of a MOSFET and the low on-state conduction loss of a 
bipolar transistor. The much lower on-state voltage drop varies only 
moderately between +250C and +150oC. 


IGBTs 
are 
ideal 
for 
many 
high 
voltage 
switching 
applications 


operating at moderate frequencies where low conduction 
losses are 


essential, such as: AC and DC motor controls, power supplies and drivers 
for solenoids, relays and contactors. 


COLLECTOR ~_ 
_ _ 
EMITTER 
(FLANGE) 0- 
.-:COLLECTOR 
L--- 
GATE 


Terminal Diagram 


N-CHANNEL 
ENHANCEMENT MODE 
c 


,~ 


E 


Collector-Emitter Voltage 
BVCES 


Collector-Gate Voltage RGE = 1MO 
BVCGR 


Collector Current Continuous 


@TC = +250 ...............•••......••.....••••••••..•..•••••••.••. 
IC25 
@VGE = 15V 
@TC = +900 
IC90 
Collector Current Pulsed (1) 
ICM 


Gate-Emitter Voltage Continuous 
VGES 
Switching Safe Operating AreaatTJ = +1500C 
SSOA 
Power Dissipation Total @TC=+250C 
PD 
Power Dissipation Derating TC > +250C 
. 


Operating and Storage Junction Temperature Range 
Tj,TSTG 


Maximum Lead Temperature for Soldering 
TL 


II: 
0 
WI- 


HGTP12N60D1 
UNITS 
1-", 
cc- 
C.:l'" 
OZ 


600 
V 
w~ 


600 
V 
1-1- 
~II: 


21 
A 
~~ 
zO 


12 
A 
- 
Cl-a:; 


48 
A 
±25 
V 
30A @0.8BVCES 
75 
W 
0.6 
W/oC 


-55to+150 
oC 
260 
oC 


HARRIS SEMICONDUCTOR 
IGBT PRODUCT IS COVERED BY ONE OR MORE OF THE FOLLOWING U.S. PATENTS: 


4,364,073 
4,417,385 
4,430,792 
4,443,931 
4,466,176 
4,516,143 
4,532,534 
4,567,641 
4,587,713 
4,598,461 
4,605,948 
4,618,872 
4,620,211 
4,631,564 
4,639,754 
4,639,762 
4,641,162 
4,644,637 
4,682,195 
4,684,413 
4,694,313 
4,717,679 
4,743,952 
4,783,690 
4,794,432 
4,801,986 
4,803,533 
4,809,045 
4,809,047 
4,810,665 
4,823,176 
4,837,606 
4,860,080 
4,883,767 
4,888,627 
4,890,143 
4,901,127 
4,904,609 
4,933,740 
4,963,951 
4,969,027 


Electrical Characteristics 
At Case Temperature (Tcl = +250C. Unless Otherwise Specified 


LIMITS 


CHARACTERISTICS 
SYMBOL 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Collector-Emitter 
BVCES 
IC = 250I'A. VGE = OV 
600 
- 
- 
V 
Breakdown Voltage 


Collector-Emitter 
ICES 
VCE= BVCES 
TC= +250C 
- 
- 
1.0 
I'A 
Leakage Voltage 
VCE = 0.8 BVCES TC=+1250C 
- 
- 
4.0 
mA 


Collector-Emitter 
VCE(SAT) 
IC=IC90. 
TC=+250C 
- 
1.9 
2.5 
V 
Saturation Vollage 
VGE=15V 
TC=+1250C 
- 
2.1 
2.7 
V 


Gate-Emitter 
VGE(THl 
IC = 2501JA, 
TC=+250C 
3.0 
4.5 
6.0 
V 
Threshold Voltage 
VCE =VGE 


Gate-Emitter 
IGES 
VGE=±20V 
- 
- 
±500 
nA 
Leakage Current 


Gate-Emitter 
VGEP 
IC = IC90. VCE = 0.5 BVCES 
- 
7.2 
- 
V 
Plateau Vollage 


On-State Gate Charge 
°G(on) 
IC=IC90. 
VGE=15V 
- 
45 
60 
nC 
VCE = 0.5 BVCES 
VGE=20V 
- 
70 
90 
nC 


Current Turn-On 
td(on)i 
L = 5001'H, IC = IC90, Rg = 250. 
- 
100 
- 
ns 
Delay Time 
VGE = 15V. TJ = 150°C, 


Current Rise Time 
tri 
VCE = 0.8 BVCES 
- 
150 
- 
ns 


Current Turn-Off DelayTime 
!d(off)i 
- 
430 
600 
ns 


Current Fall Time 
tfi 
- 
430 
600 
ns 


Turn-Off Energy{l) 
Woff 
- 
1.8 
- 
mJ 


Thermal Resistance IGBT 
ReJC 
- 
- 
1.67 
°cm 


(1) Turn-off 
Energy 
Loss (Woft) is defined 
as the integral 
of the instantaneous 
power 
loss starting 
at the trailing 
idge of the input pulse and ending 
at the point 
where 
the collector 
current 
equals 
zero (ICE = OA) The HGTP12N60D1 
was tested 
per JEOEC 
standard 
No. 24-1 
Method 
for Measurement 
of Power 
Device Turn-off 
Switching Loss. This test method produces the true total Turn-off 
Energy loss. 
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Operating 
frequency 
information 
for 
a typical 
device 
(Figure 10) Is presented as a guide for estimating device 
performance 
for 
a 
specific 
application. 
Other typical 
frequency vs collector current (ICE)plots are possible using 
the information shown for a typical unit in Figures 7, 8 
and 9. The operating frequency plot (Figure 10) of a typical 
device shows fmax1 or fmax2 whichever Is smaller at each 
point. The information is based on measurements of a 
typical device and is bounded by the maximum rated 
junction temeprature. 


fmax1 is defined by fmax1 = 0.05/ld(oft)i. td(oft)i deadtime 
(the denominator) has been arbitrarily held to 10% of the 
on-state time for a 50% duty factor. Other definitions are 
possible. td(oft)i is defined as the time between the 90% 
point of the trailing edge of the input pulse and the point 
where the collector current falls to 90% of its maximum 
value. Oevice turn-off delay can establish an additional 


frequency limiting condition for an application other than 
TJMAX. td(off)i is important when controlling output ripple 
under a lightly loaded condition. 


fmax2 is defined by fmax2 = (PO- PC)lWoft. The allowable 
dissipation (PO) is defined by Po = (TJMAX - TC)/RSJC. 
The sum of device switching and conduction losses must 
not exceed PO.A 50% duty factor was used (Figure 10) so 
that the conduction losses (PC) can be approximated by 
Pc = (VCE x ICE)/2. Woff is defined as the sum of the 
instantaneous power loss starting at the trailing edge of the 
Input pulse and ending at the point where the collector 
current equals zero (ICE - OA). 


The switching 
power 
loss (Figure 10) is defined as 
fmax1 x Woft. Turn on switching losses are not included 
because they can be greatly influenced by external circuit 
conditions and components. 


HGTH20N40C1 /40£1 /50C 1/50£1 
HGTM20N40C 1/40£1 /50C 1/50£1 
HGTP15N40C1 /40£1 /50C 1/50£1 


N-Channel 
Enhancement-Mode 


Insulated 
Gate Bipolar Transistors 
(IGBTs) 


;II HARRIS 


Features 


• 15A and 20A, 400V and 500V 


• VCE(ON): 2.5V 


• TFi: 1fls, 0.5flS 


• Low On-State 
Voltage 


• Fast Switching 
Speeds 


• High Input Impedance 


• No Anti-Parallel 
Diode 


Applications 


• Power Supplies 


• Motor Drives 


• Protection 
Circuits 


Description 


The HGTH20N40C1, HGTH20N40E1, HGTH20N50C1, HGTH20N50E1, 
HGTM20N40C1, 
HGTM20N40E1, 
HGTM20N50C1, 
HGTM20N50E1, 


HGTP15N40C1, HGTP15N40E1, HGTP15N50C1 and HGTP15N50E1 
are n-channel 
enhancement-mode 
insulated gate bipolar transistors 


(IGBTs) designed for high-voltage, low on-dissipation applications such 
as sWitching regulators and motor drivers. These types can be operated 
directly from low-power integrated circuits. 


The HGTH-types are supplied in the JEDEC TO-218AC plastic package 
and the HGTP-types in the JEDEC TO-220AB plastic package. 


The HGTM-types are supplied in the JEDEC TO-204M 
steel package. 


Packages 


HGTH-TYPES JEDEC TO-218AC 
TOP VIEW 
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HGTM-TYPES JEDEC TO-204M 
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VIEW 
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Terminal Diagram 


N-CHANNEL ENHANCEMENT MODE 


G~ 
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Absolute 
Maximum 
Ratings 
(Tc = 250Cl, Unless Otherwise Specified 


HGTH20N40Cl 
HGTH20N50Cl 
HGTM20N40Cl 
HGTM20N50Cl 
HGTH20N40El 
HGTH20N50El 
HG,TM20N40El 
HGTM20N50El 


Coliector-EmitterVoltage 
VCES 


Collector-Gate Voltage RGE = 1MO 
VCGR 
Reverse Collector-Em~terVollage 
VCES(rev.) 


Gate-EmitterVoltage 
VGE 


Collector Current Continuous 
Ie 


Collector Current Pulsed 
'eM 


Power Dissipation 
@ TC = 2SoC 
Po 


Power Dissipation Derate Above TC = 2S0C 
. 


Operating 
and Storage Junction 
Temperature 
Range 
TJ. TSTG 


400 
400 
-5 
±20 
20 
35 
100 
0.8 
-55 to +150 


500 
500 
-5 
±20 
20 
35 
100 
0.8 
-55 to +150 


HGTP15N40Cl 
HGTP15N50Cl 
HGTP15N40El 
HGTP15N50El 
UNITS 


400 
500 
V 


400 
500 
V 


-5 
-5 
V 
±20 
±20 
V 


15 
15 
A 
35 
35 
A 
75 
75 
W 


0.6 
0.6 
wfOc 


-55to 
+150 
-5510+150 
°c 


4.364.073 
4,417.385 
4,430.792 
4,443,931 
4,466.176 
4.516.143 


4.587.713 
4.598,461 
4.605.948 
4,618.872 
4.620.211 
4.631.564 
4.641,162 
4,644,637 
4.682.195 
4,684,413 
4,694.313 
4.717.679 


4.794,432 
4.801.986 
4.803,533 
4.809.045 
4,809.047 
4.810.665 


4.860.080 
4.883.767 
4.888.627 
4.890.143 
4.901.127 
4.904.609 
4.969.027 


4.532.534 
4.639.754 
4,743.952 
4.823.176 
4.933.740 


4.567.641 
4.639,762 
4.783.890 
4.837.606 
4.963.951 


Specifications HGTH20N40C1, 
40£1, 50C1, 50£1 
HGTM20N40C1, 
40£1, 50C1, 50£1 
HGTP15N40C1, 
40£1, 50C1, 50£1 


LIMITS 


TEST 
HGTH20N40Cl 
HGTH20N40El 
HGTH20N50Cl 
HGTH20N50El 
CHARACTERISTICS 
SYMBOL 
CONDITIONS 
HGTM20N40C1HGTM20N40El 
HGTM20NSOCl HGTM20N50El 
UNITS 
HGTP15N40Cl 
HGTP15N40El 
HGTP15N5OCl HGTP15N50El 


Min. 
Max. 
Min. 
Max. 


Collector-Emitter 
BVcEs 
Ic = 1 mA 
400 
500 
- 
V 
Breakdown 
Voltage 
VGE = 0 
- 


Gate 
Threshold 
Voltage 
VGE(th) 
VGE = VCE 
2 
4.5 
2 
4.5 
V 
\c=1m-fi. 


VCE = 400 V 
- 
250 
- 
- 


Zero-Gate 
Voltage 
Collector 
VCE = 500 V 
- 
- 
- 
250 
Current 
ICEs 
Tc=125°C 
- 
- 
- 
- 
pA 


VCE = 400 V 
- 
1000 
- 
- 
VCE=5OOV 
- 
- 
- 
1000 


Gate-Emitter 
Leakage 
IGES 
VGE = ±20 
V 
- 
100 
- 
100 
nA 
Current 
VCE = 0 


Reverse 
Collector-Emitter 
ICE 
RoE= 0 n 
- 
-5 
- 
-5 
mA 
Leakage 
Current 
VEC = 5 V 


Ic = 20 A 
- 
2.5 
- 
2.5 
Collector-Emitter 
VGE=10V 


On Voltage 
VCE(on) 
Ic = 35 A 
V 
V-CE=20 V 
- 
32 
- 
3.2 


Gate-Emitter 
Plateau 
VGEP 
Ic = 10 A 
- 
6 (typ.) 
- 
6 (typ.) 
V 
Voltage 
VCE=10V 


On-State 
Gate 
og(on) 
Ic = 10 A 
- 
33 (typ.) 
- 
33 (typ.) 
nC 
Charge 
VCE= 10V 


Turn-On 
Delay 
Time 
td(on) 
Ic = 20 A 
- 
50 
- 
50 


Rise Time 
t, 
VCElCLP,= 300 V 
- 
50 
- 
50 


Turn-Off 
Delay 
Time 
td(off) 
L = 25 pH 
- 
400 
- 
400 


Fall Time 
t" 
TJ = 100°C 
Typ. 
Typ. 
ns 


40El 
VGE = 10 V 
680 
1000 
680 
1000 
50El 
Rg = 25 n 


40C1 
400 
500 
400 
500 
5OC1 


Turn-Off 
EoN 
Ic =10 A 


Energy 
Loss 
40E1 
VCEICLP'= 300 V 
1810 (typ.) 
per Cycle 
5OE1 
L = 25 pH 


(off switching 
dissipation 
TJ = 100°C 
pJ 


= EoNx frequency) 
40Cl 
VGE = 10V 
1070 (typ) 
5OC1 
Rg = 25 n 


Thermal 
Resistance 
HGTH/HGTM 
- 
1.25 
- 
I 
1.25 
Junction-to-Case 
R8JC 
HGTP 
I 
1.67 
I 
I 
1.67 
°CIW 
- 
- 


HGTH20N40C1, 
40£1, 
50C1, 50£1 
HGTM20N40C1, 
40£1, 
50C1, 50£1 
HGTP15N40C1, 
40£1, 50C1, 50£1 
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Fig. 1 - Maximum switching current level lor all types. R. ~ 25 
0, VGE ~ 0 V are the minimum allowable values. 
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Fig. 2 - Power dissipation vs. temperature derating curve for 
all types. 
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Fig. 7 - Capacitance as a function of collector-to-emitter 
voltage for all types. 
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mHARRIS 
HGTH20N40C1D,E1D 
HGTH20N50C1D,E1D 


N-Channel 
Enhancement-Mode 
Insulated 
Gate 


Bipolar Transistors 
(lGBTs) with Anti-Parallel 
Ultra-Fast 
Diode 


Features 


• 20 Amp, 400 and 500 Volt 


• VCE(ON): 2.5V Max. 


• TFall: 1IJs,0.5IJS 


• Low On-State Voltage 


• Fast Switching 
Speeds 


• High Input Impedance 


• Anti-Parallel 
Diode 


Package 


JEDEC TO-218AC 
TOP VIEW 


COLLECTOR~., 
EMITIER 
L- 0 
.• 
COLLECTOR 


" 
GATE 


Applications 


• Power Supplies 


• Motor Drives 


• Protective Circuits 


Terminal Diagram 


N-CHANNEl 
ENHANCEMENT MODE 


Description 


The 
HGTH20N40C1D, 
HGTH20N40E1D, 
HGTH20N50C1D 
and 
HGTH20N50E1Dare 
n-channel 
enhancement-mode insulated gate 
bipolar transistors (IGBTs) designed for high voltage, low on-dissipation 
applications such as switching regulatorsand motor drivers.Theyfeaturea 
discrete anti-parallel diode that shunts current around the IGBT in the 
reverse direction without introducing carriers into the depletion region. 
These types can be operated directly from low power integrated circuits. 


They are supplied in the JEDEC TO-218AC plastic package. 


Absolute 
Maximum 
Ratings 
(Tc = 250C), Unless Otherwise Specified 


HGTH20N40C1D 
HGTH20N40E1D 


Collector-Emitter Voltage 
00 
•••••••• 
00 
•••••••• 
• VCES 
Collector-Gate Voltage RGE = 1MO .. 
00. 
00 
00 
• 
00 
00.00 
00 
• 
00 
00 
00.00 
• 
00 
• VCGR 
Gate-EmitterVoltage 
00 
00. 
00 
00.00 
00 
00 
00 
00 
00.00 
00.00 
00.00 
00 
00.00.00 
•• 
VGE 
Collector Current Continuous 
00 
•••••••• 
00 
•••••••• 
00 
• 
00 
••••• 
00 
• oolC 
Collector Current Pulsed 
00 
•••••• 
00 
•••••••• 
00 
00 
•••••••• 
00 .ICM 
Diode Forward Current Continuous 


@TC = +250C. 
00 
••• 
00 
••••••••••• 
00 
•••••• 
00 
•••••••• 
00 
00 
• 
00 
••••• 
00 
• 1125 
@TJ = +900C . 
00 
••• 
00 
••••••••••• 
00 
•••••• 
00 
00 
•••••• 
00 
00 
•••••• 
00 
00 
• 1190 
Power Dissipation Total @TC=+250C 
00 
•••••••• 
00 
•••••••• 
00 
00 
•• 
Po 
Power Dissipation Derating TC = +250C 
00 
•••••• 
00 
00 
• 
00 
••••• 
00 
• 
00 
••••••• 


Operating and Storage Junction Temperature Range. 
00 
•••••••• 
00 
00. 
TJ,TSTG 


35 
20 
100 
0.8 


-55to+150 


35 
20 
100 
0.8 
-55to+150 


A 
A 
W 
W/oC 
°C 


HARRIS SEMICONDUCTOR IGBT PRODUCT IS COVERED BY ONE OR MORE OF THE FOllOWING 
U.S. PATENTS: 


4,364,073 
4,417,385 
4,430,792 
4,443,931 
4,466,176 
4,516,143 
4,532,534 
4,567,641 
4,587,713 
4,598,461 
4,605,948 
4,618,872 
4,620,211 
4,631,564 
4,639,754 
4,639,762 


4,641,162 
4,644,637 
4,682,195 
4,684,413 
4,694,313 
4,717,679 
4,743,952 
4,783,690 
4,794,432 
4,801,986 
4,803,533 
4,809,045 
4,809,047 
4,810,665 
4,823,176 
4,837,606 
4,860,080 
4,883,767 
4,888,627 
4,890,143 
4,901,127 
4,904,609 
4,933,740 
4,963,951 
4,969,027 


LIMITS 


CHARACTERISTIC 
TEST 
HGTH20N40C1D 
HGTH20NSOC1D 
UNITS 
CONDITIONS 
HGTH20N40E1D 
HGTH20NSOE1D 
MIN. 
MAX. 
MIN. 
MAX. 


Collector-Emitter 
Breakdown 
Voltage 
BVces 
Ic -1 
mA 
400 
- 
500 
- 
VGe= 0 
V 


Gate Threshold 
Voltage 
VGe(th) 
VGel=Vce 
2 
4.5 
2 
4.5 
Ic = 1 mA 
Vce - 400 V 
- 
250 
- 
- 
Vce = 500 V 
- 
- 
- 
250 
Zero-Gate 
Voltage Collector 
Current 
Ices 
Tc = 125°C 
- 
- 
- 
- 
pA 
Vce = 400 V 
- 
1000 
- 
- 
Vce = 500 V 
- 
- 
- 
1000 


Gate-Emitter 
Leakage Current 
loes 
VGe- ±20 V 
- 
100 
- 
100 
nA 
Vce = 0 
Ic - 20 A 
- 
2.5 
- 
2.5 
Collector-Emitter 
On-Voltage 
Vce(on) 
VGe=10V 
Ic = 35 A 
- 
3.2 
- 
3.2 
V 
VGe= 20 V 


Gate-Emitter 
Plateau Voltage 
Voep 
Ic = 10A 
- 
6 (typ) 
- 
6 (typ) 
Vce=10V 


On-State Gate Charge 
QG(on) 
Ic - 10 A 
~ 
33(typ) 
- 
33(typ) 
nC 
Vce=10V 
Turn-On 
Delay Time 
t.(on) 
- 
50 
- 
50 
Rise Time 
t, 
Ic = 20 A 
- 
50 
- 
50 
Turn-Off 
Delay Time 
t.( off) 
Vce(clp) = 300 V 
- 
400 
- 
400 
Fall Time 
t" 
L = 25 pH 
TJ = 100°C 
TYP 
TYP 
ns 
40E1D 
SOE1D 
VGe= 10V 
680 
1000 
680 
1000 


40C1D 
R. = 25 n 
TYP 
TYP 


50C1D 
400 
500 
400 
500 
Turn-Off 
Energy Loss per Cycle 
Eott 
Ic - 20 A 
(off SWitching dissipation 
= 
40E1D 
Vce(clp) = 300 V 
1810 (typ) 
Eotf x frequency) 
SOE1D 
L = 25 pH 
TJ = 100·C 
pJ 
40C1D 
1070 (typ) 
50C1D 
Voe=10V 
R. = 25 n 
Thermal Resistance Junction-to-Case 
R8JC 
- 
1.25 
- 
1.25 
·C/W 


Diode Forward Voltage 
Vec 
lec = 20 A 
- 
2 
- 
2 
V 


Diode Reverse Recovery Time 
T" 
lec = 20 A 
100 
100 
dildt 
= 100 Alps 
- 
- 
ns 
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Fig. 1- Maximum switching 
current level for all types. 


Minimum 
allowable 
values are R. = 50 O. VGe= 0 v. 


Fig. 2 - Power dissipation 
vs. temperature derating curve 
for all types. 
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Fig. 3 - Typical normalized gate-threshold 
voltage 
as a function 
of junction 
temperature for all types. 
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Fig. 7 - Capacitance as a function 
of collector-to-emitter 
voltage 
for all types. 
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on-voltage 
es a 
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current for all types. 
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Fig. 15 - Normalized switching waveforms at constant gate current 
(Refer to Harris application 
notes AN7254 and AN 7260.) 
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Fig. 16 - Typical diode collector-to-emitter 
voltage vs. 


current 
for all types. 


mJ HARRIS 
HGTG20N50C1D 


N-Channel 
Enhancement-Mode 
Insulated 
Gate Bipolar 


Transistor 
(IGBT) with Anti-Parallel 
Ultra-Fast 
Diode 


·20 
Amp, 500 Volt 


• Latch Free Operation 


• Typical Fall Time < 500ns 


• High Input Impedance 


• Low Conduction 
Loss 


• With Anti-Parallel 
Diode 


• trr < 60ns 


Description 


The IGBT is a MOS gated high voltage switching device combining the 
best features of MOSFETs and bipolar transistors. The device has the high 
input impedance of a MOSFET and the low on-state conduction loss of a 
bipolar transistor. The much lower on-state voltage drop varies only 
moderately between 250C and 1500C. The diode used in parallel with the 
IGBT is an ultrafast (trr < 60ns) with soft recovery characteristic. 


IGBTs are ideal for many high voltage switching applications operating at 
frequencies where low conduction losses are essential, such as: AC and 
DC motor controls, power supplies and drivers for solenoids, relays and 
contactors. 


: EMITIER 


COLlECTOR 


GATE 


Terminal Diagram 


N-CHANNEL 
ENHANCEMENT 
MODE 


G 


E 


II: 
~e 
<~ 
HGTG20N50C1D 
UNITS 
c.:J'" 
cZ 
w< 
500 
V 
•.••• 11: 


500 
V 
:5:;;; 
~:5 


26 
A 
zo 
- 
a.. 


20 
A 
iii 


35 
A 
±20 
V 


26 
A 
20 
A 
75 
W 
0.8 
W/oC 
-55to+150 
°C 
260 
°C 


Collector-Em 
iller Voltage .•.•.......•................................. 
BVCES 
Collector-Gate 
Voltage RGE = 1MO •................................. 
BVCGR 
Collector Current Continuous 
@TC=250C 
.................................•••....•••••••••......• 
IC25 
@TC = 90°C ••...••....•............................................ 
IC90 
Collector Current Pulsed (1) 
•......•••.....•................••••......... 
'CM 
Gate-Emiller 
Voltage Continuous 
..•••......•••.•..........•.••••....... 
VGES 
Diode Forward Current 
@TC = 25°C ............•.............••.•.......••.•••••••....•••••• 
1125 
@TC=900C 
.........••.•...•••........••.......•••••.•••••...•.•.••• 
1190 
Power Dissipation 
Total @TC = 250C .........•.....••••••..•....•.••••••.. 
Po 
Power Dissipation 
Derating TC > 250C ..............•••••.......••••••••.....• 


Operating 
and Storage Junction Temperature 
Range ...•..........•••.• 
TJ' TSTG 
Maximum Lead Temperature 
for Soldering 
........•...•..........••.•....... 
TL 


(1) (TJ = 150°C. 
Min. RGE = 250 
w/o 
latch) 


4,364,073 
4,417,385 
4,430,792 
4,443,931 
4,466,176 
4,516,143 
4,532,534 
4,567,641 
4,587,713 
4,598,461 
4,605,948 
4,618,872 
4,620,211 
4,631,564 
4,639,754 
4,639,762 
4,641,162 
4,644,637 
4,682,195 
4,664,413 
4,694,313 
4,717,679 
4,743,952 
4,783,690 
4,794,432 
4,801,986 
4,803,533 
4,809,045 
4,809,047 
4,810,665 
4,823,176 
4,837,606 
4,860,080 
4,883,767 
4,888,627 
4,890,143 
4,901,127 
4,904,609 
4,933,740 
4,963,951 
4,969,027 


LIMITS 


HGTG20N50C1D 


CHARACTERISTIC 
SYMBOLS 
TEST CONDITIONS 
MIN 
MAX 
UNITS 


Collector-Emitter 
Breakdown Voltage 
BVCES 
IC = 1mA, VGE = 0 
500 
- 
V 


Gate Threshold Voltage 
VGE(th) 
VGE =VCE,IC 
= 1mA 
2 
4.5 
V 


Zero-Gate Voltage Collector Current 
ICES 
VCE=SOOV 
- 
2S0 
I'A 


TC=12S0C 
- 
- 
I'A 
VCE= 500V 
- 
1000 
I'A 


Gate-Emitter Leakage Current 
IGES 
VGE = ±20V, VCE = 0 
- 
100 
nA 


Collector-Emitter 
On-Voltage 
VCE(SAT) 
IC = 20A, VGE = 10V 
- 
2.S 
V 


IC = 3SA, VGE = 20V 
- 
3.2 
V 


Gate-Emitter Plateau Voitage 
VGEP 
IC = 10A, VCE = 10V 
- 
6 (typ) 
V 


On-State Gate Charge 
QG(on) 
IC = 10A, VCE = 10V 
- 
33 (typ) 
nC 


Turn-On DeiayTime 
lct(on)i 
IC = 20A, VCE(clp) = 300V 
- 
SO 
ns 


Rise Time 
tri 
L = 2SI'H, TJ = 1000C 
- 
SO 
ns 
VGE = 10V, Rg = 2S0 
Turn-Off Delay Time 
lct(off)i 
- 
400 
ns 


Fall Time 
tfi 
400 (typ) 
SOO 
ns 


Turn-Off Energy Loss Per Cycle 
Eoff 
IC = 20A. VCE(clp) = 300V 
1070(typ) 
I'J 


(Off Switching Dissipation = Eoff x Frequency) 
L = 2SI'H, TJ = 1000C 
VGE = 10V, Rg = 2S0 


Thermal Resistance Junction-to-Case 
(IGBT) 
R8JC 
- 
1.2S 
°C/W 


Thermal Resistance of Diode 
R8JC 
- 
1.S 
°C/W 


Diode Forward Voltage 
VEC 
IEC=20A 
- 
1.8 
V 


Diode Reverse Recovery Time 
lrr 
IEC = 20A, di/dt = 100A/I'S 
- 
60 
ns 
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FIGURE 2. TYPICAL NORMALIZED GATE-THRESHOLD 
VOLTAGE AS A FUNCTION 
OF JUNCTION 
TEMPERATURE FOR ALL TYPES. 
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• 34 Amp, 1000 Volt 


• Latch Free Operation 


• Typical Fall Time 520ns 


• High Input Impedance 


• Low Conduction 
Loss 


Description 


The HGTG20N100D2 
is a MOS gated high voltage switching device 
combining the best features of MOSFETs and bipolar transistors. The 
device has the high input impedance of a MOSFET and the low on-state 
conduction loss of a bipolar transistor. The much lower on-state voltage 
drop varies only moderately between +250C and +1500C. 


IGBTs are ideal for many high voltaage switching applications operating at 
frequencies where low conduction losses are essential, such as: AC and 
DC motor controls, power supplies and drivers for solenoids, relays and 
contactors. 


: EMITTER 


COLlECTOR 


GATE 


N-CHANNEL 
ENHANCEMENT 
MODE 


CG() 


Collector-Emitter 
Voltage ...............•........•.•••••.•.•.•.•..•••• 
BVCES 


Collector-Gate 
Voltage RGE = 1MO ••...•••••••...••••••.•••••.•••••• 
BVCGR 
Collector Current Continuous 
@TC=+25° 
IC25 
@ TC = +900 
...........•..•••....••...•...............•.•.••....•.• 
IC90 
Collector Current Pulsed (1) •..•............•.•..•..•••••.•...•.••••••••.. 
ICM 


Gate-Emitter 
Voltage Continuous 
...........•••.....•••••.....•••••••... 
VGES 
Gate-Emitter 
Voltage Pulsed ...•••.....•••••....••.•••••.•...••••••••.. 
VGEM 
Switching 
Safe Operating 
Area at TJ = +1500C 
...•.••••••....••••••••... 
SSOA 
Power Dissipation 
Total @TC = +250C 
...........••....•.......•..•....... 
Po 
Power Dissipation 
Derating TC > +250C 
................•......••............. 


Operating 
and Storage Junction Temperature 
Range •••......••.•••••..• 
Tj. TSTG 
Maximum Lead Temperature 
for Soldering 
•••...•••••••..•.••••••••••.•..••• 
TL 
(0.125" from case for 5 seconds) 
Short Circuit Withstand 
Time(2) .................•...•......••••••••......• 
tsc 
@VGE=15V 
............................................•.••.••.......•. 
@VGE= 
10V 
••..•.•.......................................•............. 


(1) Repetitive 
Rating: 
Pulse width limited by maximum junction temperature. 


(2) VCE(pk) = 600V. TC = , 250C. RaE = 250 


HGTG20N100D2 
UNITS 


1000 
V 
1000 
V 


34 
A 
20 
A 


100 
A 
±20 
V 
±30 
V 
100A@0.8BVCES 
150 
W 
1.20 
W/oC 
-55to+150 
oC 
260 
oC 


3 
JlS 
15 
Jls 


4,364,073 
4,417,385 
4,430,792 
4,443,931 
4,466,176 
4,516,143 
4,532,534 
4,567,641 
4,587,713 
4,598,461 
4,605,948 
4,618,872 
4,620,211 
4,631,564 
4,639,754 
4,639,762 
4,641,162 
4,644,637 
4,682,195 
4.684,413 
4,694,313 
4,717,679 
4,743,952 
4,783,690 
4,794,432 
4,801,986 
4,803,533 
4,809,045 
4,809,047 
4,810,665 
4,823,176 
4,837,606 
4,860,080 
4,883,767 
4,888,627 
4,890,143 
4,901,127 
4,904,609 
4,933,740 
4,963,951 
4,969,027 


Electrical 
Characteristics 
At Case Temperature 
(TCl = +250C. 
Unless Otherwise 
Specified 


LIMITS 


CHARACTERISTICS 
SYMBOL 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Collector-Emitter 
BVCES 
IC = 250flA, VGE = OV 
1000 
- 
- 
V 
Breakdown Voltage 


Collector-Emitter 
ICES 
VCE= 
BVCES 
TC=+250C 
- 
- 
250 
IlA 
Leakage Voltage 
VCE = 0.8 BVCES 
TC=+1250C 
- 
- 
1.0 
mA 


Collector-Emitter 
VCE(SAT) 
IC=IC90. 
TC=+250C 
- 
3.1 
3.8 
V 
Saturation Voltage 
VGE = 15V 
TC= 
+1250C 
- 
2.9 
3.6 
V 


IC=IC90. 
TC=+250C 
- 
3.3 
4.1 
V 


VGE = 10V 
TC= 
+1250C 
- 
3.2 
4.0 
V 


Gate-Emitter 
VGE(TH) 
IC=5OOIlA, 
TC= +250C 
3.0 
4.5 
6.0 
V 
Threshold Voltage 
VCE=VGE 


Gate-Emitter 
IGES 
VGE=±20V 
- 
- 
±250 
nA 
Leakage Current 


Gate-Emitter 
VGEP 
IC = IC90' VCE = 0.5 BVCES 
- 
7.1 
- 
V 
Plateau Voltage 


On-State 
Gate Charge 
QG(on) 
IC=IC90, 
VGE=15V 
- 
120 
160 
nC 


VCE = 0.5 BVCES IVGE = 20V 
- 
163 
212 
nC 


Current Tum-On 
td(on)i 
L = 50llH,IC 
= IC90. Rg = 250, 
- 
100 
- 
ns 
DelayTime 
VGE = 15V, TJ = 125°C, 


Current Rise Time 
tri 
VCE = 0.8 BVCES 
- 
150 
- 
ns 


Current Turn-Off 
Delay Time 
Idlofl\i 
- 
500 
650 
ns 


Current Fall Time 
tfi 
- 
520 
680 
ns 


Turn-Off 
Energy(1) 
Wolf 
- 
3.7 
- 
mJ 


Current Turn-On 
td(on)i 
L = 50llH, IC = IC90. Rg = 250, 
- 
100 
- 
ns 
Delay Time 
VGE = 10V, TJ = 125°C, 


Current Rise Time 
tri 


VCE = 0.8 BVCES 
- 
150 
- 
ns 


Current Turn-Off 
Idlofl\i 
- 
410 
530 
ns 


Current Fall Time 
tfi 
- 
520 
680 
ns 


Turn-Off 
Energy(1) 
Wolf 
- 
3.7 
- 
mJ 


Thermal Resistance 
ROJC 
- 
.7 
.83 
°C/W 


(1) Turn-off 
Energy 
Loss (Woff) is defined 
as the integral 
of the instantaneous 
power loss starting 
at the trailing 
idge aftha 
input pulse and ending 
at the point 


where 
the collector 
current 
equals 
zero (ICE = OA) The HGTG20N100D2 
was tested 
per JEDEC 
standard 
No. 24-1 
Method 
for Measurement 
of Power 
Device Turn-off 
Switching 
Loss. This test method 
produces 
the true total Turn-off 
Energy loss. 
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FIGURE 6. NORMALIZED SWITCHING WAVEFORMS AT 
COLLECTOR-EMITTER 
VOLTAGE 
CONSTANT GATE CURRENT. (REFER TO 
APPLICATION NOTES AN7254 AND AN7260.) 


TJ - 
160°C 
TJ -150°C. 
Vgo-16V. 
Rg-Z6ohmo. 
L-50uH 
6 
I I 


10.0 
> 
/ 
•• 


4 
/ 
~ 
:: 
Vgo 
- 
10V 
. 
Vgo - 
16V 
/ 
•. 
--- 
. 
// 
u 
., 
/1/. 
L--- 
> 
3 
., 
/ 


:: 
w 
~ 1.0 
<D 
'".. 


~ 


....• 
0 
Z 
...~ 
> 
I-- 
- 
z 
~ ~ 
Vee-400V. 
Vge-l0V 
a 
16V - 
8 
L--- 
.. 
...•••.. 
./ 
Veo-SOOV. 
Vge-l0V 
a 
16V 
.. 
.. 
/ 
- 
'" 
I 
0 
I I I II 
I 
~ 


z 
'" 
V 
TIl 
'"~ 
a 
0.1 
I 
10 
.40 
1 
10 
..., 
COLLECTOR-EMITTER CURRENT (Ice) 
• A 
COLLECTOR-EMITTER CUARENT (Ice) 
- 
A 
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Operating 
Frequency 
Information 


Operating 
frequency 
information for 
a typical 
device 


(Figure 10) is presented as a guide for estimating device 
performance for 
a 
specific 
application. 
Other typical 
frequency vs collector current (ICE)plots are possible using 
the information shown for a typical unit in Figures 7, 8 
and 9. The operating frequency plot (Figure 10) of a typical 
device shows fmax1 or fmax2 whichever is smaller at each 
point. The information is based on measurements of a 
typical device and is bounded by the maximum rated 
junction temeprature. 


fmax1 is defined by fmax1 = 0.05/!d(off)i. td(off)i deadtime 
(the denominator) has been arbitrarily held to 10% of the 
on-state time for a 50% duty factor. Other definitions are 
possible. td(off)i is defined as the time between the 90% 
point of the trailing edge of the input pulse and the point 
where the collector current falls to 90% of its maximum 
value. Device turn-off delay can establish an additional 


frequency limiting condition for an application other than 
TJMAX. td(off)i is important when controlling output ripple 
under a lightly loaded condition. 


fmax2 is defined by fmax2 ,= (PO- PC)IWoff.The allowable 
dissipation (PO) is defined by Po = (TJMAX - TC)/R9JC. 
The sum of device switching and conduction losses must 
not exceed PO.A 50% duty factor was used (Figure 10) so 
that the conduction losses (PC) can be approximated by 
Pc = (VCE x ICE)/2. Woff is defined as the sum of the 
instantaneouspower loss starting at the trailing edge of the 
input pulse and ending at the point where the collector 
current equals zero (ICE - OA). 


The switching 
power 
loss (Figure 10) is defined as 


fmax1 x Woff. Turn on switching losses are not included 
because they can be greatly influenced by external circuit 
conditions and components. 


mlHARRIS 
HGTG24N60D1 


N-Channel Enhancement-Mode 


Insulated Gate Bipolar Transistor (IGBT) 


• 24 Amp, 600 Volt 


• Latch Free Operation 


• Typical Fall Time <500ns 


• High Input Impedance 


• Low Conduction 
Loss 


Description 


The IGBT is a MOS gated high voltage switching device combining the 
best features of MOSFETs and bipolar transistors. The device has the high 
input impedance of a MOSFET and the low on-state conduction loss of a 
bipolar transistor. The much lower on-state voltage drop varies only 
moderately between +250C and +1500C. 


IGBTs are ideal for many high voltage switching applications operating at 
moderate frequencies where low conduction losses are essential, such as: 
AC and DC motor controls, power supplies and drivers for solenoids, 
relays and contactors. 


This type is supplied in the JEDEC TO-247 package. 


EMITTER 


:COlJ..ECTOA 


GATE 


Coliector-EminerVoltage 
..................................•........•• 
BVCES 


Collector-Gate Voltage RGE= 1MO .•............••.....•••••••.•.... 
BVCGR 
Collector Current Continuous 


@TC = +250 
IC25 
@VGE = 15V 
@TC = +900 .......................••.•...•..•....•.. 
IC90 
Collector Current Pulsed(1) ...........................•....•...•.....•..• 
ICM 
Gate-EminerVoltage Continuous ....••.....••....••.....•..•....•...... 
VGES 
Switching Safe Operating Area at TJ = +1500C ...................•.•..•. 
SSOA 
Power Dissipation Total @TC = +250C •..........•..•........•..••••.••... 
Po 
Power Dissipation Derating TC > +250C ••••.....•••••.••.....•.••••••••.....• 
Operating and Storage Junction Temperature Range ...•..........•..... 
Tj,TSTG 
Maximum Lead Temperature for Soldering •.......•••••..........•.••••..... 
TL 
(0.125" from case for 5 seconds) 


HGTG24N60D1 
UNITS 


600 
V 
600 
V 


40 
A 
24 
A 


96 
A 
±25 
V 
BOA@0.8BVCES 
125 
W 
1.0 
W/oC 
-55to+150 
oC 
260 
oC 


HARRIS SEMICONDUCTOR IGBT PRODUCT IS COVERED BY ONE OR MORE OF THE FOLLOWING U.S. PATENTS: 


4,364,073 
4,417,385 
4,430,792 
4,443,931 
4,466,176 
4,516,143 
4,532,534 
4,567,641 
4,587,713 
4,598,461 
4,605,948 
4,618,872 
4,620,211 
4,631,564 
4,639,754 
4,639,762 
4,641,162 
4,644,637 
4,682,195 
4,684,413 
4,694,313 
4,717,679 
4,743,952 
4,783,690 
4,794,432 
4,801,986 
4,803,533 
4,809,045 
4,809,047 
4,810,665 
4,823,176 
4,837,606 
4,860,080 
4,683,767 
4,688,627 
4,890,143 
4,901,127 
4,904,609 
4,933,740 
4,963,951 
4,969,027 


Electrical 
Characteristics 
At Case Temperature (TC) = +250C. Unless Otherwise Specified 


LIMITS 


CHARACTERISTICS 
SYMBOL 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Collector-Emitter 
BVCES 
IC = 250pA, VGE = OV 
600 
- 
- 
V 
Breakdown Voltage 


Collector-Emitter 
ICES 
VCE= BVCES 
TC=+250C 
- 
- 
1.0 
mA 
Leakage Voltage 
VCE = 0.8 BVCES 
TC=+1250C 
- 
- 
4.0 
mA 


Collector-Emitter 
VCE(SAT) 
IC=IC90. 
TC=+250C 
- 
1.7 
2.3 
V 
Saturation Voltage 
VGE=15V 
TC=+1250C 
- 
1.9 
2.5 
V 


Gate-Emitter 
VGE{TH) 
IC= 250pA, 
TC=+250C 
3.0 
4.5 
6.0 
V 
Threshold Voltage 
VCE=VGE 


Gate-Emitter 
IGES 
VGE=±20V 
- 
- 
±500 
nA 
Leakage Current 


Gate-Emitter 
VGEP 
IC = IC90. VCE = 0.5 BVCES 
- 
6.3 
- 
V 
Plateau Voltage 


On-State Gate Charge 
QG(on) 
IC=IC90. 
VGE=1SV 
- 
120 
155 
nC 
VCE = 0.5 BVCES VGE=20V 
- 
155 
200 
nC 


Current Turn-On 
id(on)i 
L = 500IlH. IC = IC90. Rg = 25n. 
- 
100 
- 
ns 
DelayTime 
VGE = 15V.TJ = 1500C. 


Current Rise Time 
tri 
VCE = 0.8 BVCES 
- 
150 
- 
ns 


Current Turn-Off Delay Time 
id(off)i 
- 
700 
900 
ns 


Current Fall Time 
tli 
- 
450 
600 
ns 


Turn-Off Energy(1) 
Woff 
- 
4.3 
- 
mJ 


Thermal Resistance 
ReJC 
- 
- 
1.00 
°CIW 


(1) Turn-off 
Energy loss 
(Waft) is defined as the integral of the instantaneous 
power loss starting at the trailing idge of the input pulse and ending at the point 
where the collector 
current 
equals zero (ICE = OA) The HGTG24N60D1 
was tested per JEOEC standard 
No. 24-1 
Method for Measurement 
of Power 


Device Turn-off 
Switching 
Loss. This test method produces 
the true total Turn-off 
Energy loss. 
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Operating frequency 
information for 
a typical 
device 
(Figure 10) is presented as a guide for estimating device 
performance for 
a 
specific 
application. Other typical 
frequency vs collector current (ICE)plots are possible using 
the information shown for a typical unit in Figures 7, 8 
and 9. The operating frequency plot (Figure 10) of a typical 
device shows fmax1 or fmax2 whichever is smaller at each 
point. The information is based on measurements of a 
typical device and is bounded by the maximum rated 
junction temeprature. 


fmax1 is defined by fmaxl = 0.05/ld(oft)i. td(oft)i deadtime 
(the denominator) has been arbitrarily held to 10% of the 
on-state time for a 50% duty factor. Other definitions are 
possible. td(oft)i is defined as the time between the 90% 
point of the trailing edge of the input pulse and the point 
where the collector current falls to 90% of its maximum 
value. Device turn-oft delay can establish an additional 


frequency limiting condition for an application other than 
TJMAX. td(off)i is important when controlling output ripple 
under a lightly loaded condition. 


fmax2 is defined byfmax2 = (PO- PC)JWoft.The allowable 
dissipation (PO) is defined by Po = (TJMAX - TC)/RSJC. 
The sum of device switching and conduction losses must 
not exceed PO.A 50% duty factor was used (Figure 10) so 
that the conduction losses (PC) can be approximated by 
Pc = (VCE x ICE)/2. Woft is defined as the sum of the 
instantaneouspower loss starting at the trailing edge of the 
input pulse and ending at the point where the collector 
current equals zero (ICE - OA). 


The switching 
power loss (Figure 10) is defined as 
fmax1 x Woff. Turn on switching losses are not included 
because they can be greatly influenced by external circuit 
conditions and components. 
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mHARRIS 
HGTG24N60D1D 


N-Channel 
Enhancement-Mode 
Insulated Gate 


May 1992 
Bipolar Transistor 
(IGBT) with Anti-Parallel 
Ultra-Fast 
Diode 


• 24 Amp. 600 Volt 
TO-247 


TOP VIEW 


• Latch Free Operation 


• Typical Fall Time <500ns 


• Low Conduction 
Loss 


Description 


The IGBT is a MOS gated high voltage switching device combining the 
best features of MOSFETs and bipolar transistors. The device has the high 
input impedance of a MOSFET and the low on-state conduction loss of a 
bipolar transistor. The much lower on-state 
voltage drop varies only 
moderately between +250C and +1500C. The diode used in parallel with 
the IGBT is an ultrafast (trr < 6ons) with soft recovery characteristic. 


The IGBTs are ideal for many high voltage sWitching applications operating 
at frequencies where low conduction losses are essential, such as: AC and 
DC motor controls, power supplies and drivers for solenoids, relays and 
contactors. 


: EMITTER 
COu.ECTOR 


GATE 


Collector-Emitter Voltage 
BVCES 


Collector-Gate Voltage RGE = 1MO 
BVCGR 
Collector Current Continuous 
@TC = +250 .................................••..•......•••.••••... 
IC25 
@TC = +900 ....•...••••..••••...•••••••...••••••••••..•••••••••••. 
IC90 
Collector Current Pulsed(1) 
ICM 


Gate-Emitter Voltage Continuous 
VGES 
Switching Safe Operating Area at TJ = +1500C 
SSOA 
Diode Forward Current 
@TC=+250 
..............................................•......... 
If25 
@TC = +900 
1190 
Power Dissipation Total @TC = +250C 
PD 
Power Dissipation DeratingTc > +250C 
. 


Operating and Storage Junction Temperature Range 
Tj, TSTG 
Maximum Lead Temperature for Soldering 
TL 
(0.125" from case for 5 seconds) 


HGTG24N60D1D 
UNITS 


600 
V 


600 
V 


40 
A 
24 
A 


96 
A 


±25 
V 


60A @0.8BVCES 


40 
A 
24 
A 
125 
W 
1.0 
W/oC 
-55to+150 
°c 
260 
°c 


HARRIS SEMICONDUCTOR 
IGBT PRODUCT IS COVERED BY ONE OR MORE OF THE FOLLOWING U.S. PATENTS: 


4,364,073 
4,417,385 
4,430,792 
4,443,931 
4,466,176 
4,516,143 
4,532,534 
4,567,641 


4,587,713 
4,598,461 
4,605,948 
4,618,872 
4,620,211 
4,631,564 
4,639,754 
4,639,762 


4,641,162 
4,644,637 
4,682,195 
4,684,413 
4,694,313 
4,717,679 
4,743,952 
4,783,690 
4,794,432 
4,601,986 
4,803,533 
4,809,045 
4,809,047 
4,810,665 
4,823,176 
4,837,606 
4,860,080 
4,683,767 
4,888,627 
4,890,143 
4,901,127 
4,904,609 
4,933,740 
4,963,951 
4,969,027 


Electrical 
Characteristics 
At Case Temperature 
(TC) = +250C. 
Unless Otherwise 
Specified 


LIMITS 


CHARACTERISTICS 
SYMBOL 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Collector-Emitter 
BVCES 
IC = 280~A, VGE = OV 
600 
- 
- 
V 
Breakdown 
Voltage 


Collector-Emitter 
ICES 
VCE= 
BVCES 
TC=+250C 
- 
- 
280 
~ 
Leakage Voltage 
VCE = 0.8 BVCES 
TC=+1250C 
- 
- 
5.0 
mA 


Collector-Emitter 
VCE(SAT) 
IC=IC90. 
TC=+250C 
- 
1.7 
2.3 
V 
Saturation Voltage 
VGE=15V 
TC=+1250C 
- 
1.9 
2.5 
V 


Gate-Emitter 
VGE(TH) 
IC=250~ 
TC= +250C 
3.0 
4.5 
6.0 
V 
Threshold Voltage 
VCE=VGE 


Gate-Emitter 
IGES 
VGE = ±20V 
- 
- 
±500 
nA 
Leakage Current 


Gate-Emitter 
VGEP 
IC = IC90. VCE = 0.5 BVCES 
- 
6.3 
- 
V 
Plateau Voltage 


On-State 
Gate Charge 
QG(on) 
IC=IC90. 
VGE = 15V 
- 
120 
155 
nC 
VCE = 0.5 BVCES 
VGE=20V 
- 
155 
200 
nC 


Current Turn-On 
'd(on)i 
L = 500~H.IC 
= IC90. Rg = 250. 
- 
100 
- 
ns 
Delay Time 
VGE = 15V. TJ = 150°C. 


Current Rise Time 
tri 
VCE = 0.8 BVCES 
- 
150 
- 
ns 


Current Turn-Off 
'd(off)i 
- 
700 
900 
ns 


Current Fall Time 
tli 
- 
450 
600 
ns 


Turn-Olf 
Energy(1) 
Wolf 
- 
4.3 
- 
mJ 


Thermal Resistance (FG BT) 
RSJC 
- 
- 
1.00 
°cm 


Thermal Resistance 
Diode 
RSJC 
- 
- 
1.5 
°cm 


Diode Forward Voltage 
VEC 
IEC=24A 
- 
- 
1.50 
V 


Diode Reverse Recovery Time 
trr 
IEC = 24A, di/dt = 1OON~s 
- 
- 
60 
ns 


(1) Turn-off 
Energy 
Loss (Woft) is defined 
as the integral 
of the instantaneous 
power loss starting 
at the trailing 
idge of the input pulse and ending 
at the point 


where the collector 
current 
equals 
zero (ICE = OA) The HGTG24N60Dl 
0 was tested 
per JEDEC 
standard 
No. 24-1 
Method 
for Measurement 
of Power 


Device Turn-off 
Switching 
Loss. This test method 
produces 
the true total Turn-off 
Energy 
Loss. 
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Operating Frequency Information 


Operating 
frequency 
information 
for 
a typical 
device 
(Figure 10) is presented as a guide for estimating device 
performance 
for 
a 
specific 
application. 
Other 
typical 
frequency vs collector current (ICE)plots are possible using 
the information shown for a typical unit in Figures 7, 8 
and 9. The operating frequency plot (Figure 10) of a typical 
device shows fmax1 or fmax2 whichever is smaller at each 
point. The information is based on measurements of a 
typical device and is bounded by the maximum rated 
junction temeprature. 


fmax1 is defined by fmax1 = 0.05/!d(0ff)i. td(off)i deadtime 
(the denominator) has been arbitrarily held to 10% of the 
on-state time for a 50% duty factor. Other definitions are 
possible. td(off)i is defined as the time between the 90% 
point of the trailing edge of the input pulse and the point 
where the collector current falls to 90% of its maximum 
value. Device turn-off 
delay can establish an additional 


frequency limiting condition for an application other than 
TJMAX. td(off)i is important when controlling output ripple 
under a lightly loaded condition. 


fmax2 is defined byfmax2 = (PO- PC)lWoff. The allowable 
dissipation (PO) is defined by Po = (TJMAX - Tc)/ReJc. 
The sum of device switching and conduction losses must 
not exceed PO.A 50% duty factor was used (Figure 10) so 
that the conduction losses (PC) can be approximated by 
Pc = (VCE x ICE)/2. Woff is defined as the sum of the 
instantaneous power loss starting at the trailing edge of the 
input pulse and ending at the point where the collector 
current equals zero (ICE - OA). 


The switching 
power 
loss (Figure 
10) is 
defined as 


fmax1 x Woff. Turn on switching losses are not included 
because they can be greatly influenced by external circuit 
conditions and components. 


mHARRIS 
HGTM24N60D1 


N-Channel Enhancement-Mode 


Insulated Gate Bipolar Transistor (lGBT) 


• Latch Free Operation 


• Typical Fall Time <SOOns 


• High Input Impedance 


• Low Conduction 
Loss 


Description 


The IGBT is a MOS gated high voltage switching device combining the 
best features of MOSFETs and bipolar transistors. The device has the high 
input impedance of a MOSFET and the low on-state conduction loss of a 
bipolar transistor. The much lower on-state 
voltage drop varies only 
moderately between +250C and +150oC. 


IGBTs are ideal for many high voltage switching applications operating at 
moderate frequencies where low conduction losses are essential, such as: 
AC and DC motor controls, power supplies and drivers for solenoids, 
relays and contactors. 
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HGTG24N60D1 
UNITS 
eZ 
w< 
1-= 


600 
V 
:51- 
~= 


600 
V 
",:5 
ze 
- 
CI. 


40 
A 
Iii 


24 
A 


96 
A 
±25 
V 
60A @0.8BVCES 
125 
W 
1.0 
W/oC 


-55 to +150 
°C 
260 
°C 


Collector-Emitter Voltage 
BVCES 


Collector-Gate Voltage RGE = 1MO 
BVCGR 


Collector Current Continuous 


@TC=+25° 
IC25 


@VGE=15V 
@TC=+900 
IC90 
ColiectorCurrentPulsed(1) 
ICM 


Gate-EmitterVoitage Continuous 
VGES 
Switching Safe Operating Area aIT J = + 1500C 
SSOA 
Power Dissipation Total @TC = +250C .....................•.............. 
Po 


Power Dissipation Derating TC > +250C 
. 


Operating and Storage Junction Temperature Range 
Tj, TSTG 


Maximum Lead Temperature for Soldering 
TL 


(O.125" from case for 5 seconds) 


HARRIS SEMICONDUCTOR 
IGBT PRODUCT IS COVERED BY ONE OR MORE OF THE FOLLOWING U.S. PATENTS: 


4,364,073 
4,417,385 
4,430,792 
4,443,931 
4,466,176 
4,516,143 
4,532,534 
4,567,641 
4,587,713 
4,598,461 
4,605,948 
4,618,872 
4,620,211 
4,631,564 
4,639,754 
4,639,762 


4,641,162 
4,644,637 
4,682,195 
4,664,413 
4,694,313 
4,717,679 
4,743,952 
4,783,690 
4,794,432 
4,601,986 
4,803,533 
4,809,045 
4,809,047 
4,810,665 
4,823,176 
4,837,606 


4,860,080 
4,683,767 
4,888,627 
4,890,143 
4,901,127 
4,904,609 
4,933,740 
4,963,951 
4,969,027 


Electrical Characteristics 
At Case Temperature (TC) = +250C, Unless Otherwise Specified 


LIMITS 


CHARACTERISTICS 
SYMBOL 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Collector-Emitter 
BVCES 
IC = 250f1A,VGE = OV 
600 
- 
- 
V 
Breakdown Voltage 


Collector-Emitter 
ICES 
VCE= BVCES 
TC=+250C 
- 
- 
1.0 
mA 
Leakage Voltage 
VCE = 0.8 BVCES TC=+1250C 
- 
- 
4.0 
mA 


Collector-Emitter 
VCE(SAT) 
IC=IC90. 
TC=+250C 
- 
1.7 
2.3 
V 
saturation Voltage 
VGE=15V 
TC = +1250C 
- 
1.9 
2.5 
V 


Gate-Emitter 
VGE(TH) 
IC = 250f1A, 
TC=+250C 
3.0 
4.5 
6.0 
V 
Threshold Voltage 
VCE=VGE 


Gate-Emitter 
IGES 
VGE=±20V 
- 
- 
±500 
nA 
Leakage Current 


Gate-Emitter 
VGEP 
IC = IC90, VCE = 0.5 BVCES 
- 
6.3 
- 
V 
Plateau Voitage 


On-State Gate Charge 
QG(on) 
IC=IC90. 
VGE=15V 
- 
120 
155 
nC 
VCE = 0.5 BVCES 
VGE=20V 
- 
155 
200 
nC 


Current Turn-On 
td(on)i 
L = 500llH,IC = IC90, Rg = 250, 
- 
100 
- 
ns 
Delay Time 
VGE = 15V, TJ = 150oC, 


Current Rise Time 
lri 
VCE = 0.8 BVCES 
- 
150 
- 
ns 


Current Turn-Off Delay Time 
!d(off)i 
- 
700 
900 
ns 


Current Fall Time 
tfi 
- 
450 
600 
ns 


Turn-Off Energy(1) 
Woff 
- 
4.3 
- 
mJ 


Thermal Resistance 
R6JC 
- 
- 
1.00 
°CIW 


(1) Turn-off 
Energy Loss (Woff} is defined as the integral of the instantaneous power loss starting at the trailing idge of the input pulse and ending at the point 
wllers the collector 
current equals zero (ICE = OA) The HGTM24N60D1 
was tested per JEDEC standard No. 24-1 
Method for Measurement of Power 
Device Turn-off 
Switching 
Loss. This test method produces the true tolal Turn-off 
Energy Loss. 
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Operating Frequency Information 


Operating 
frequency 
information for 
a typical 
device 
(Figure 10) is presented as a guide for estimating device 
performance 
for 
a 
specific 
application. 
Other typical 
frequency vs collector current (ICE)plots are possible using 
the information shown for a typical unit in Figures 7, 8 
and 9. The operating frequency plot (Figure 10) of a typical 
device shows fmax1 or fmax2 whichever is smaller at each 
point. The information is based on measurements of a 
typical device and is bounded by the maximum rated 
junction temeprature. 


fmax1 is defined by fmax1 = 0.05/td(off)i. td(off)i deadtime 
(the denominator) has been arbitrarily held to 10% of the 
on-state time for a 50% duty factor. Other definitions are 
possible. td(off)i is defined as the time between the 90% 
point of the trailing edge of the input pulse and the point 
where the collector current falls to 90% of its maximum 
value. Device turn-off 
delay can establish an additional 


frequency limiting condition for an application other than 
TJMAX. td(off)i is Important when controlling output ripple 
under a lightly loaded condition. 


fmax2 is defined by fmax2 = (PD - PC)/Woff. The allowable 
dissipation (PD) is defined by PD = (TJMAX - Tc)/ReJc. 
The sum of device switching and conduction losses must 
not exceed PD.A 50% duty factor was used (Figure 10) so 
that the conduction losses (PC) can be approximated by 
Pc = (VCE x ICE)/2. Wolf is defined as the sum of the 
instantaneous power loss starting at the trailing edge of the 
input pulse and ending at the point where the collector 
current equals zero (ICE - OA). 


The switching 
power 
loss (Figure 
10) is defined as 
fmax1 x Wolf. Turn on switching losses are not included 
because they can be greatly influenced by external circuit 
conditions and components. 


mHARRIS 
HGTA32N60E2 


N-Channel Enhancement-Mode 


Insulated Gate Bipolar Transistor (IGBT) 


• 50 Amp, 
600 Volt 


• Latch 
Free Operation 


• Typical 
Fall Time - 620ns 


• High Input 
Impedance 


• Low Conduction 
Loss 


Description 


The IGBT Is a MOS gated high voltage switching 
device combining 
the 
best features of MOSFETs and bipolar transistors. The device has the high 
input impedance of a MOSFET and the low on-state conduction 
loss of a 
bipolar 
transistor. 
The much 
lower on-state 
voltage 
drop 
varies only 
moderately between 250C and 1500C. 


IGBTs are ideal for many high voltage switching applications 
operating at 


frequencies 
where low conduction 
losses are essential, such as: AC and 
DC motor controls, power supplies and drivers for solenoids, 
relays and 
contactors. 


Package 


MO-093 
(5 LEAD) 
TOP VIEW 


COUECTOR 


(TA~) 
. 
~ 
~~:H~KELVIN 
3 COLLECTOR 
o 
.. 
2 
NO CONNECTION 
1 GATE 


Terminal Diagram 


N-CHANNEL 
ENHANCEMENT 
MODE 


,:~ 
KELVIN 
E 


Collector-Emitter 
Voltage •••..•••••.•••••.....•••••••...••••••••••..•. 
BVCES 
Collector-Gate 
Voltage RGE = 1MO ..••••...•.••••••....••••••••••..•.• 
VCGR 
Collector Current Continuous 
@TC=250C 
••.••••.••••..••••...••••....••••••••...••••••••••..•••• 
IC25 
@Vge= 
15V,@TC=9()OC 
...•..•.......................•••••.•..•••• 
IC90 
Collector Current Pulsed (1) 
.•.••..•..•••..••••..•...••••.•••.•...••••••• 
'CM 
Gate-EmitterVoltage 
Continuous 
.••.•....••••••....•••••••.....•••••••• 
VGES 
Gate-EmitterVoltage 
Pulsed ....•...................................... 
VGEM 
Switching 
Safe Operating 
Area TJ = + 1500C 
.....•••.•.••....•••..••.... 
SSOA 
Power Dissipation 
Total @TC=250C 
..•.............•..•....•.••.......••• 
PD 
Power Dissipation 
Derating TC > 250C ...........•••..................•••••••• 


Operating 
and Storage Junction Temperature 
Range •••.••.•••.....•... 
TJ' TSTG 
Maximum Lead Temperature 
for Soldering 
..............•....•••••••..•••••• 
TL 
Short Circuit Withstand Time (2) 


@Vge=15V 
........•.....•...••.....•••••.•••...••••••••.••..•••••••• 
tsc 
@Vge= 
10V .•••..••...•••....••••...•••••••......••.••••••.....••.... 
tsc 


(1) Repetitive 
Rating: 
Pulse width limited by maximum 
junction 
temperature. 


(2) VCE (pk) = 360V, TC = 125°C, 
Rge = 250 


HGTA32N60E2 
UNITS 
a: 


600 
V 
~e 


600 
V 
c!:2 
t:l'" 
CZ 


50 
A 
w~...... 


32 
A 
:Sa: 
200 
A 
~:s 


±20 
V 
ZO 
- 
C>. 


±30 
V 
iii 


200A @ 0.8 BVCES 
208 
W 
1.67 
W/oC 
-55 to +150 
°c 
260 
°c 


3 
~S 
15 
~S 


4,364,073 
4,587,713 
4,641,162 
4,794,432 
4,860,080 
4,969,027 


4,417,385 
4,598,461 
4,644,637 
4,801,986 
4,883,767 


4,466,176 
4,620,211 
4,694,313 
4,809,047 
4,901,127 


4,430,792 
4,605,948 
4,682,195 
4,803,533 
4,888,627 


4,443,931 
4,618,872 
4,684,413 
4,809,045 
4,890,143 


4,516,143 
4,631,564 
4,717,679 
4,810,665 
4,904,609 


4,532,534 
4,639,754 
4,743,952 
4,823,176 
4,933,740 


4,567,641 
4,639,762 
4,783,690 
4,837,606 
4,963,951 


"n",n",,,, 
I •••nl~ 
I 
I •••••~ 
........... ~ 
.-............. _ .........- 
...... 
... 
----_. 
_. .. - 


Collector-Emitter 
BVCES 
IC = 2501lA VGE = OV 
600 
- 
- 
V 
Breakdown 
Voltage 


Collector-Emitter 
ICES 
VCE= 
BVCES 
TC=+250C 
- 
- 
250 
IJA 


Leakage Voltage 
VCE = 0.8 BVCES 
TC=+1250C 
- 
- 
4.0 
mA 


Collector-Emitter 
VCE(SAT) 
IC=IC90. 
TC=+250C 
- 
2.4 
2.9 
V 
Saturation Voltage 
VGE=15V 
TC = +1250C 
- 
2.4 
3.0 
V 


Gate-Emitter 
VGE(TH) 
Ic=1mA. 
TC= +250C 
3.0 
4.5 
6.0 
V 
Threshold Voltage 
VCE=VGE 


Gate-Emitter 
IGES 
VGE=±20V 
- 
- 
±500 
nA 
Leakage Current 


Gate-Emitter 
VGE(pl) 
IC = IC90' VCE = 0.5 BVCES 
- 
6.5 
- 
V 
Plateau Voltage 


On-State 
Gate Charge 
°G(on) 
IC=IC90. 
VGE = 15V 
- 
200 
260 
nC 
VCE = 0.5 BVCES 
VGE=20V 
- 
265 
345 
nC 


Current Turn-On 
td(on)i 
L = 500~H, IC = IC90, Rg = 250, 
- 
100 
- 
ns 
DelayTime 
VGE = 15V, TJ = 1250C. 


Current Rise Time 
tri 
VCE = 0.8 BVCES 
- 
150 
- 
ns 


Current Turn-Off 
Delay Time 
!d(off)i 
- 
630 
820 
ns 


Current Fall Time 
tfi 
- 
620 
800 
ns 


Turn-Off 
Energy(1) 
Woff 
- 
3.5 
- 
mJ 


Thermal Resistance 
R6JC 
- 
0.5 
0.6 
ocm 


(1) Turn-off 
Energy Loss (Woft) is defined as the integral of the instantaneous power loss starting at the trailing idge of the input pulse and ending at the point 


where the collector current equals zero (ICE = OA) The HGTA32N60E2 
was tested per JEDEC 
standard 
No. 24-1 
Method for Measurement 
of Power 
Device Turn-off 
Switching 
Loss. This test method produces the true total Turn-off 
Energy Loss. 
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FIGURE 5. CAPACITANCE AS A FUNCTION OF COLLECTOR- 
FIGURE 6. NORMALIZED SWITCHING WAVEFORMS AT 
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Operating 
frequency 
information for 
a typical 
device 
(Figure 10) is presented as a guide for estimating device 
performance 
for 
a 
specific 
application. 
Other typical 
frequency vs collector current (ICE)plots are possible using 
the information shown for a typical unit in Figures 7, 8 
and 9. The operating frequency plot (Figure 10) of a typical 
device shows fmax1 or fmax2 whichever is smaller at each 
point. The information is based on measurements of a 
typical device and is bounded by the maximum rated 
junction temeprature. 


fmax1 is defined by fmax1 = 0.05/!d(off)i. td(off)i deadtime 
(the denominator) has been arbitrarily held to 10% of the 
on-state time for a 50% duty factor. Other definitions are 
possible. td(off)i is defined as the time between the 90% 
point of the trailing edge of the input pulse and the point 
where the collector current falls to 90% of its maximum 
value. Oevice turn-oft 
delay can establish an additional 


frequency limiting condition for an application other than 
TJMAX. td(offji is important when controlling output ripple 
under a lightly loaded condition. 


fmax2 is defined by fmax2 = (PO- PC)lWoff. The allowable 
dissipation (PO) is defined by Po = (TJMAX - Tc)/ReJc. 
The sum of device switching and conduction losses must 
not exceed PO.A 50% duty factor was used (Figure 10) so 
that the conduction losses (PC) can be approximated by 
Pc = (VCE x ICE)/2. Woft is defined as the sum of the 
instantaneous power loss starting at the trailing edge of the 
input pulse and ending at the point where the collector 
current equals zero (ICE - OA). 


The switching 
power 
loss (Figure 
10) is defined as 
fmax1 x Woft. Turn on switching losses are not included 
because they can be greatly influenced by external circuit 
conditions and components. 


Ell HARRIS 
HGTG32N60E2 


N-Channel Enhancement-Mode 


Insulated Gate Bipolar Transistor (IGBT) 


.50 
Amp, 
600 
Volt 


• Latch 
Free 
Operation 


• Typical 
Fall Time 
- 600ns 


• High 
Input 
Impedance 


• Low 
Conduction 
Loss 


Description 


The 
IGBT 
is a MOS 
gated 
high 
voltage 
switching 
device 
combining 
the 
best features 
of MOSFETs 
and bipolar 
transistors. 
The device 
has the high 


input 
impedance 
of a MOSFET 
and the low on-state 
conduction 
loss of a 
bipolar 
transistor. 
The 
much 
lower 
on-state 
voltage 
drop 
varies 
only 
moderately 
between 
250C 
and 
1500C. 


IGBTs 
are ideal 
for many 
high voltage 
switching 
applications 
operating 
at 
frequencies 
where 
low conduction 
losses 
are essential, 
such 
as: AC and 
DC motor 
controls, 
power 
supplies 
and 
drivers 
for solenoids, 
relays 
and 
contactors. 


This 
device 
incorporates 
generation 
two 
design 
techniques 
which 
yield 


improved 
peak 
current 
capability 
and 
larger 
short 
circuit 
withstand 
capability 
than 
previous 
designs. 


This type 
is supplied 
in the JEDEC 
TO-247 
package. 


: EMITTER 


COLLECTOR 


GATE 


Terminal Diagram 


N-CHANNEL 
ENHANCEMENT 
MODE 


G 


E 


a: 
~:= 
c:e~ 


HGTG32N60E2 
UNITS 
t:lCi) 
CZ 
wt2 
600 
v 
.--.-- 


600 
V 
:Sa: 
~:s 
zo 


50 
A 
- "- 
32 
A 
iii 


200 
A 


±20 
V 
±30 
V 


200A @0.8 BVCES 
208 
W 
1.67 
WfOC 
-55 to +150 
°C 
260 
°C 


3 
JlS 
15 
JlS 


Collector-Emitter 
Voltage 
BVCES 
Collector-Gate 
Voltage RGE = 1MO 
VCGR 
Collector Current Continuous 
@TC=250C 
IC25 
@Vge=15V,@TC=900C 
IC90 
Collector Current Pulsed (1) 
..................................•.......... 
ICM 
Gate-Emitter Voltage Continuous 
VGES 
Gate-Emitter Voltage Pulsed 
VGEM 
Switching Safe Operating Area at TJ = +1500C 
SSOA 
Power Dissipation Total @TC = 250C 
Po 
Power Dissipation Derating TC > 250C ..........•............................. 
Operating and Storage Junction Temperature Range 
TJ, TSTG 
Maximum Lead Temperature for Soldering 
TL 
Short Circuit Withstand Time (2) 
@Vge=15V 
tsc 
@Vge=10V 
tsc 


(1) Repetitive Rating: 
Pulse width limited by maximum junction temperature. 


(2) VCE (pk) = 360V, TC = 1250C. Rge = 25n 


4,364,073 
4,417,385 
4,430,792 
4,443,931 
4,466,176 
4,516,143 
4,532,534 
4,567,641 
4,587,713 
4,598,461 
4,605,948 
4,618,872 
4,620,211 
4,631,564 
4,639,754 
4,639,762 
4,641,162 
4,644,637 
4,682,195 
4,684,413 
4,694,313 
4,717,679 
4,743,952 
4,783,690 
4,794,432 
4,801,986 
4,803,533 
4,809,045 
4,809,047 
4,810,665 
4,823,176 
4,837,606 
4,860,080 
4,883,767 
4,888,627 
4,890,143 
4,901,127 
4,904,609 
4,933,740 
4,963,951 
4,969,027 


Electrical 
Characteristics 
At Case Temperature (TC) = +250C, Unless Otherwise Specified 


LIMITS 


CHARACTERISTICS 
SYMBOL 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Collector-Emitter 
BVCES 
IC = 250flA, VGE = OV 
600 
- 
- 
V 
Breakdown Voltage 


Collector-Emitter 
ICES 
VCE= 
BVCES 
TC=+250C 
- 
- 
250 
flA 
Leakage Voltage 
VCE = 0.8 BVCES 
TC=+1250C 
- 
- 
4.0 
mA 


Collector-Emitter 
VCE(SAT) 
IC=IC90, 
TC=+250C 
- 
2.4 
2.9 
V 
Saturation Voltage 
VGE=15V 
TC= +1250C 
- 
2.4 
3.0 
V 


Gate-Emitter 
VGE(TH) 
IC=1mA. 
TC=+250C 
3.0 
4.5 
6.0 
V 
Threshold Voltage 
VCE=VGE 


Gate-Emitter 
IGES 
VGE=±20V 
- 
- 
±500 
nA 
Leakage Current 


Gate-Emitter 
VGE(pl) 
IC = IC90. VCE = 0.5 BVCES 
- 
6.5 
- 
V 
Plateau Voltage 


On-State Gate Charge 
QG(on) 
IC=IC90. 
VGE=15V 
- 
200 
260 
nC 
VCE = 0.5 BVCES 
VGE=20V 
- 
265 
345 
nC 


Current Turn-On 
td(on)i 
L = 500flH.IC 
= IC90. Rg = 250, 
- 
100 
- 
ns 
DelayTime 
VGE = 15V, TJ = 1250C. 


Current Rise Time 
tri 
VCE = 0.8 BVCES 
- 
150 
- 
ns 


Current Turn-Off Delay Time 
'd(off)i 
- 
630 
820 
ns 


Current Fall Time 
tli 
- 
620 
800 
ns 


Turn-Off Energy(1) 
Wolf 
- 
3.5 
- 
mJ 


Thermal Resistance 
RSJC 
- 
0.5 
0.6 
°C/W 


(1) Turn-off 
Energy loss (Woft) is defined as the integral of the instantaneous 
power loss starting at the trailing idge of the input pulse and ending at the point 
where the collector current equals zero (ICE = OA) The HGTG32N60E2 
was tested per JEOEC 
standard 
No. 24-1 
Method for Measurement 
of Power 
Device Turn-off 
Switching 
loss. This test method produces the true total Turn-off 
Energy Loss. 
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Operating Frequency Information 


Operating 
frequency 
information for 
a typical 
device 
(Figure 10) is presented as a guide for estimating device 
performance for 
a 
specific 
application. 
Other typical 
frequency vs collector current (ICE)plots are possible using 
the information shown for a typical unit in Figures 7, 8 
and 9. The operating frequency plot (Figure 10) of a typical 
device shows fmax1 or fmax2 whichever is smaller at each 
point. The information is based on measurements of a 
typical device and is bounded by the maximum rated 
junction temeprature. 


fmax1 is defined by fmax1 = 0.05/ld(off)i. td(off)i deadtime 
(the denominator) has been arbitrarily held to 10% of the 
on-state time for a 50% duty factor. Other definitions are 
possible. td(off)i is defined as the time between the 90% 
point of the trailing edge of the input pulse and the point 
where the collector current falls to 90% of its maximum 
value. Device turn-off delay can establish an additional 


frequency limiting condition for an application other than 
TJMAX. td(off)i is important when controlling output ripple 
under a lightly loaded condition. 


fmax2 
is 
defined by 
fmax2 = (PO - 
PC)/Woff. the 
allowable dissipation (PO) is defined by Po = (TJMAX - 
Tc)/ReJc. The sum of device switching and conduction 
losses must not exceed PO.A 50% duty factor was used 
(Figure 10) so that the conduction losses (PC) can be 
approximated by Pc = (VCE-ICE)/2. Woff is defined as the 
sum of the instantaneous power loss starting at the trailing 
edge of the input pulse and ending at the point where the 
collector current equals zero (ICE - OA). 


The switching 
power 
loss (Figure 10) is defined as 


fmax1 - Woff. Turn on switching losses are not included 
because they can be greatly influenced by external circuit 
conditions and components. 


(II HARRIS 
HGTG34N 100£2 


N-Channel 
Enhancement-Mode 


Insulated 
Gate Bipolar Transistor 
{IGBT} 


Features 


• 55 Amp 1000 Volt 


• Latch Free Operation 


• Typical Fall Time - 710ns 


• High Input Impedance 


• Low Conduction Loss 


Description 


The HGTG34N100E2* 
is a MOS gated high voltage sWitching device 
combining the best features of MOSFETs and bipolar transistors. The 
device has the high input impedance of a MOSFET and the low on-state 
conduction loss of a bipolar transistor. The much lower on-state voltage 
drop varies only moderately between +250C and +1500C. 


The IGBTs are ideal for many high voltage switching applications operating 
at moderate frequencies where low conduction losses are essential, such 
as: AC and DC motor controls, power supplies and drivers for solenoids, 
relays and contactors. 


*Formerly Developmental Type #TA9895 


: 
EMITTER 


COLLECTOR 


GATE 


Terminal Diagram 


C 


G 


E 


a: 
UNITS 
~e 
1000 
v 
<~ 
c.:lcn 
1000 
V 
cZ 
w< 
•.. a: 
55 
A 
:s~ 
34 
A 
~:s 
200 
A 
ze 
- 
a.. 


±20 
V 
iii 
±30 
V 


200A @.8BVCES 


208 
W 
1.67 
W/oC 


-55to+150 
°C 
260 
°C 


3 
~S 
10 
~S 


Collector-Emitter 
Voltage ...•...............•....•••...........•••••.. 
BVCES 
Collector-Gate Voltage, RGE =1 MO .........•.......................... 
VCGR 
Collector Current Continuous 


@TC = +250C ..•••..............•..................•............... 
IC25 


@Vge =15V, @TC = +9QOC ................•......................... 
IC90 
Collector Current Pulsed(1) .........••...........•.............•......... 
ICM 
Gate-EmitterVoltage 
Continuous ........................•.............. 
VGES 
Gate-Emitter Voltage Pulsed ......•.......•.•••........................ 
VGEM 
Switching Safe Operating Area 
@TJ=+1500C 
SSOA 
Power Dissipation Total ......•.•......•.................................. 
PD 


@TC = +250C .............................•........•.................... 
Derating TC > +250C ..........••..........•.............................. 


Operating and Storage Junction Temperature Range .......•........... 
TJ' TSTG 
Maximum Lead Temperature for Soldering .....................•............ 
TL 
Short Circuit Withstand Time(2) ..........................•................. 
tsc 
@Vge=15V 
.•...............................•........................... 


@Vge=10V .•.••..................................•••............•••..... 


(1) Repetitive Rating: Pulse width limited by maximum junction temperature. 


(2) VCE(pk) 
~ 600V. 
TC ~ , 25°C. 
RGE ~ 250 


4,364,073 
4,417,385 
4,430,792 
4,443,931 
4,466,176 
4,516,143 
4,532,534 
4,567,641 
4,587,713 
4,598,461 
4,605,948 
4,618,872 
4,620,211 
4,631,564 
4,639,754 
4,639,762 
4,641,162 
4,644,637 
4,682,195 
4,684,413 
4,694,313 
4,717,679 
4,743,952 
4,783,690 
4,794,432 
4,801,986 
4,803,533 
4,809,045 
4,809,047 
4,810,665 
4,823,176 
4,837,606 
4,860,080 
4,883,767 
4,888,627 
4,890,143 
4,901,127 
4,904,609 
4,933,740 
4,963,951 
4,969,027 


Electrical 
Characteristics 
Te = +250e, 
Unless 
Otherwise 
Specified 


LIMITS 


CHARACTERISTICS 
SYMBOL 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNIT 


Collector-Emitter 
BVCES 
IC = 250~A, VGE = OV 
1000 
- 
- 
V 
Breakdown 
Voltage 


Collector-Emitter 
ICES 
VCE= 
BVCES 
TC =+250C 
- 
- 
1.0 
mA 
Leakage Current 
VCE = 0.8 BVCES 
TC = +1250C 
- 
- 
4.0 
mA 


Collector-Emitter 
VCE(SAT) 
IC=IC90, 
TC =+250C 
- 
2.8 
3.2 
V 
Saturation Voltage 
VGE = 15V 
TC';' +1250C 
- 
2.8 
3.1 
V 


IC=IC90. 
TC=+250C 
- 
2.9 
3.3 
V 
VGE=10V 
TC=+1250C 
- 
3.0 
3.4 
V 


Gate-Emitter 
VGE(TH) 
IC=1mA 
TC=+250C 
3.0 
4.5 
6.0 
V 
Threshold Voltage 
VCE=VGE 


Gate-Emitter 
IGES 
VGE=±20V 
- 
- 
±500 
nA 
Leakage Current 


Gate-Emitter 
VGE(pl) 
IC = IC90. VCE = 0.5 BVCES 
- 
7.3 
- 
V 
Plateau Voltage 


On-State 
QG(on) 
IC=IC90' 
VGE=15V 
- 
185 
240 
nC 
Gate Charge 
VCE = 0.5 BVCES 
VGE=20V 
- 
240 
315 
nC 


Current Turn-on 
td(on)i 
L = 50~H, IC = IC90. Rg = 250, 
- 
100 
- 
ns 
Delay Time 
VGE=15V,TJ=+125 
C 


Current Rise Time 
tri 
VCE = 0.8 BVCES 
- 
150 
ns 


Current Turn-off 
!d(ofl)i 
- 
610 
795 
ns 
Delay Time 


Current Fall Time 
tfi 
- 
710 
925 
ns 


Turn-off 
Energy(1 ) 
Woff 
- 
7.1 
- 
mJ 


Current Turn-on 
td(on)i 
L = 50~H, IC = IC90, Rg = 250, 
- 
100 
- 
ns 
DelayTime 
VGE = 10V, TJ = +1250C 


Current Rise Time 
lri 
VCE = 0.8 BVCES 
- 
150 
- 
ns 


Current Turn-off 
!d(ofl)i 
- 
460 
600 
ns 
DelayTime 


Current Fall Time 
tfi 
- 
670 
870 
ns 


Turn-off 
Energy(1 ) 
Woff 
- 
6.5 
- 
mJ 


Thermal Resistance 
RSJC 
- 
0.5 
0.6 
°CIW 


(1) Turn-off 
Energy Loss (Woft) ls defined as the integral aftha 
instantaneous power loss starting at the trailing edge of the input pulse and ending at the point 
where the collector current equals zero (ICE = OA).The HGTG34Nl00E2 was tested per JEDEC standard No. 24-1 Method for Measurementof Power 
Device Turn-off 
Switching 
Loss. This test method produces the true total Turn-off 
Energy Loss. 
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FIGURE 6. NORMALIZED SWITCHING WAVEFORMS AT 
CONSTANT GATE CURRENT. (REFER TO 
APPLICATION NOTES AN7254 AND AN7260.) 
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FIGURE 8. TURN-OFF 
SWITCHING LOSS AS A FUNCTION 
OF COLLECTOR-EMITTER 
CURRENT. 
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FIGURE 
9. TURN-OFF 
DELAY AS A FUNCTION 
OF 
COLLECTOR-EMITTER 
CURRENT. 
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FIGURE 10. OPERATING 
FREQUENCY 
AS A FUNCTION 
OF 
COLLECTOR-EMITTER 
CURRENT 
AND 
VOLTAGE. 
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Operating 
Frequency 
Information 
Operating 
frequency 
information for 
a typical 
device 
(Figure 10) is presented as a guide for estimating device 
performance 
for 
a 
specific 
application. 
Other typical 
frequency vs collector current (ICE)plots are possible using 
the information shown for a typical unit in Figures 7, 8 and 
9. The operating frequency plot (Figure 10) of a typical 
device shows fmax1 or fmax2 whichever is smaller at each 
point. The information is based on measurements of a 
typical device and is bounded by the maximum rated 
junction temperature. 


fmax1 is defined by fmax1 = 0.05/!d(off)i. td(oft)i deadtime 
(the denominator) has been arbitrarily held to 10% of the 
on-state time for a 50% duty factor. Other definitions are 
possible. td(off)i is defined as the time between the 90% 
point of the trailing edge of the input pulse and the point 
where the collector current falls to 90% of its maximum 
value. Device turn-oft 
delay can establish an additional 


frequency limiting condition for an application other than 
TJMAX. td(off)i is important when controlling output ripple 
under a lightly loaded condition. 


fmax2 is defined by fmax2 = (PO- PC)IWoft. The allowable 
dissipation (PO) is defined by Po = (TJMAX - Tc)/ReJc. 
The sum of device switching and conduction losses must 
not exceed PO.A 50% duty factor was used (Figure 10) and 
the conduction losses (PC) are approximated by Pc = 
(VCE • ICE)/2. Woft is defined as the sum of the instanta- 
neous power loss starting at the trailing edge of the input 
pulse and ending at the point where the collector current 
equals zero (ICE = OA). 


The switching 
power 
loss (Figure 
10) is 
defined as 
fmax2 • Woft. Turn-on switching losses are not included 
because they can be greatly influenced by external circuit 
conditions and components. 
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lIJ HARRIS 
HGT812N60D1C 


Current Sensing N-Channel Enhancement-Mode 


Insulated Gate Bipolar Transistor (IGBT) 


Features 


• 12A, 600V 


• rOS(ON) ....•....•....•...•...•.••••.••••••••••••..•..... 
0.270 


• Low VCE(SAT) at 25A ....•........................•....• 
2.5V Typ 


• Ultra-fast Turn-On 
1OOnsTyp 


• Polysilicon MOS Gate - Voltage Controlled 
Turn On/Off 


• High Current Handling at +1 OooC •.•.••....•................. 
1OA 


• Current Sensing Pilot 


Description 


The HGTB12N60D1C Insulated-Gate Bipolar Transistor is aMOS-gate 
turn on/off power switching device combining the best advantages of pow- 
er 
MOSFETs 
and 
bipolar 
transistors, 
and 
current 
sensing 
pilots. The result is a device that has the high input impedance of 
MOSFETs and the low on-state conduction losses similar to bipolar tran- 
sistors. The device design and gate characteristics of the IGBT are also 
similar 
to power MOSFETs. An important difference is the equivalent 
rDS(ON)drain resistance which is modulated to a low value (ten times low- 
er) when the gate is turned on. The much lower on-state voltage drop also 
varies 
only 
moderately 
between 
+250C 
and 
+1500C, 
offering 
extended power handling capability. 


The 
IGBT 
is 
ideal 
for 
many 
high-voltage 
SWitching applications 
operating at low frequencies and where low conduction losses are essen- 
tial, such as AC and DC motor controls, power supplies and drivers for 
solenoids, relays and contactors. 


The HGTB12N60D1C is supplied in a 5 lead JEDEC TS-001 package. 


Package 


TS-001 
(5 LEAD) 
TOP VIEW 


COLLECTOR 
EMITTER 
L 
.,.,.... 
EMITTER 
B[]~~~5!~ 
- 
(KELVIN) 
o 
===~::;- 
COLLECTOR 


=== 
~ ~ 
SENSE 


'- 
GATE 


Terminal Diagram 


N-CHANNEL 
ENHANCEMENT 
MODE 


C 


Collector-Emitter Voltage (VGE = OV) .........••...•.•......•........... 
VCES 


Collector-Gate Voltage (RGE = 1MO) 
VCGR 


Collector Current Continuous 
....•.•....................••.••.........••.•• 
IC 


@ TC = +1 OOoC .............................•.............•.........•..• 


@ TC = +250C ...•......•..................••.•..........•.•.•.........•. 


Collector Current Pulsed (1) ........................................•..... 
ICM 
Gate-Emitter Voltage 
VGE 
Power Dissipation Total @ TC = +250C .....••.••............•...••........ 
PD 
Power Dissipation Derating TC > +250C 
. 


Operating and Storage Junction Temperature Range .....•.............. 
Tj, TSTG 
Thermal Resistance, Junction to Case ••.••........•...........•.......... 
ReJC 
Maximum Lead Temperature for Soldering ......•........................... 
TL 
(1/8 inch from case for 5 seconds) 


HGTB12N60D1 C 


600 
600 


UNITS 


V 
V 


12 
18 
40 
±25 
75 
0.6 
-55to+150 
1.67 
260 


A 
V 
W 
W/oC 
°C 
OCIW 
°C 


HARRIS SEMICONDUCTOR 
IGBT PRODUCT IS COVERED BY ONE OR MORE OF THE FOLLOWING 
U.S. PATENTS: 


4,364,073 
4,417,385 
4,430,792 
4,443,931 
4,466,176 
4,516,143 
4,532,534 
4,567,641 
4,587,713 
4,598,461 
4,605,948 
4,618,872 
4,620,211 
4,631,564 
4,639,754 
4,639,762 
4,641,162 
4,644,637 
4,682,195 
4,684,413 
4,694,313 
4,717,679 
4,743,952 
4,783,690 
4,794,432 
4,601,986 
4,803,533 
4,809,045 
4,809,047 
4,810,665 
4,823,176 
4,837,606 


4,860,080 
4,883,767 
4,888,627 
4,890,143 
4,901,127 
4,904,609 
4,933,740 
4,963,951 


4,969,027 


S;~ 
wI- 
5:w 
...•a: 
....•.• 
w.,. 
I- 
- 
:!;Cl 


Collector-Emitter 
Breakdown Voltage 
BVcEs 
VGE=OV,lc=25J1.A 
600 
- 
- 
V 


Collector Cut-off Current 
ICEs 
VCE= Max. Rating 
- 
- 
250 
J1.A 
VGE=OV, Tc=25° 
C 


VCE= Max. Rating x 0.8 
- 
- 
4 
mA 
VGE= 0 V, Tc = 150° CIlI 


Gate-Emitter Leakage Current 
IGES 
VGE= ±20 V 
- 
- 
±500 
nA 


Gate Threshold Voltage 
VGElthl 
VCE= VGE,Ic = 250 J1.A 
Tc = 25°C 
2 
4 
5 
Tc= 
150°C 
- 
2.5 
- 
V 
Collector-Emitter 
Saturation Voltage 
VCElsetl 
VGE=15V,lc=10A,Tc=25°C 
- 
2.5 
2.7 
VGE= 15 V, Ic = 10 A, Tc = 150°C 
- 
2.8 
- 
VGE= 10 V, Ic = 10 A, Tc = 25°C 
- 
2.9 
- 


Input Capacitance 
C••• 
VGE=OV 
- 
1050 
- 


Output Capacitance 
Coos 
VCE= 25 V 
- 
340 
- 
pF 


Reverse Transfer Capacitance 
C•••• 
f= 
1 MHz 
- 
10 
- 


Turn-On Delay Time 
lctlonl 
Resistive Load, TJ = 125°C 
- 
100 
- 
ns 
Rise Time 
t, 
Ic = 10 A, VCE= 500 V 
- 
100 
- 
Turn-Off 
Delay Time 
tetlottl 
VGE=15V 
- 
0.4 
- 
Fall Time 
tf 
RGlon)= 50 n, RGlo"'= 100 n 
2.5 
J1S 
- 
- 
- 
Inductive Load, TJ = 125°C 
Turn-Off 
Delay Time 
lctloffl 
- 
0.8 
1.2 
L = 45J1.H,Ic = 10A 
J1S 
Fall Time 
tf 
- 
0.8 
1.0 


Equivalent Fall Time 
VcE(clamp) = 500 V, VGE= 15 V 


tn8Q1 
RGlon)= 50 n, RG'offl= 100 n 
- 
0.6 
0.8 


Turn-Off Switching Losses 
E, 
- 
1.6 
2.0 
mJ 


Pilot - Emitter Kelvin Voltage 
VPEK 
VGE= 15 Vdc, Rp= 2 Kn 
Ic= 
5A 
- 
1.25 
- 
Ic= 10A 
1.4 
1.67 
1.8 
V 
Ic= 20 A 
- 
2.06 
- 


"'Applies for 3.3°C per watt maximumthermal resistance,case-te-ambient. 
l2'Pulsetest: Pulsewidths:s 300/.IS, duty cycle :s 2%. 
I3'Referto Fig. 10. 
'''When Not in UseConnect Epto Emitter. 
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Fig. 3 - Maximum 
allowable case temperature 
vs. 
DC collector 
current. 
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CONDITIONS 


Ie 
0 
25C¥tA 
IC.10A.VGE" 
15V 


Ie" 
1A. VGe 
" 15'1 
1r:-1 MA 


25- TYPICAl 
VALUE 
"" 
Uy 
"V 


VCESRATIHQ 
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'"i 


20 


~ 
10 
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~ 
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~ 
1.0 


U 
U 


0.' 


0' 


0.' 
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SINGlE PULSE 
;Ci~·fIII 


PULSE 
GEN- 
ERATOR 


RGEN= 500 


S1 SWITCH 
POSITION 
1 CLAMPED 
INDUCTIVE 
LOAD 
2 RESISTIVE 
LOAD 


RG(ON) = 
(RGEN + RS)(RGE) 
PULSE 
WIDTH 
60~. 
VCC 
RGEN + RS + RGE 


L-iCMAXlMUM 
PULSE 
WIDTH 
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'fIll 


VGE :r==}--90% 
VGE 
~.go% 
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m HARRIS 
RLP1N08L£ 


Current Limited ESO Protected N-Channel 


Enhancement-Mode Power Field-Effect Transistor 


• lA, 80V 


• reStON) = 0.750 


• 'LIMIT at +lSOoC ••••••••••.••••.••...••.........•..•.•• 
1.SA Max 


• Built-In 
Current Limiting 


• ESe Protected 


• Controlled 
Switching 
Limits EMI and RFI 


• Specified for + 1500C Operation 


• Temperature 
Compensated 
Spice Model Provided 


The 
RLP1N08LE 
is 
a semi-smart 
monolithic 
power 
circuit 
which 


incorporates a lateral bipolar transistor, two resistors, a zener diode, and a 
PowerMOS transistor. Good control of the current-limiting levels allows 
use of these devices where a shorted load condition may be encountered. 
"Logic level" gates allow this device to be fully biased on with only 5 volts 
from gate to source. The zener diode provides ESD protection up to 2kV. 
These devices can be produced on the standard PowerMOS production 
line. 


The RLP-series types are supplied in the JEDEC TO-220AB 
plastic 
packages. 


Terminal Diagram 


N-CHANNEL 
ENHANCEMENT 
MODE 


D 


Drain-Source 
Voltage 
.................•.....•..••....•.........•.....• 
VOSS 
Drain-Gate 
Voltage ..........................•.....•......•....••..... 
VDGR 
Gate-Source 
Voltage (1) ...............•......•..•..•.•...•.........•... 
VGS 
Reverse Voltage Gate Bias Not Allowed 
Electrostatic 
Voltage at 1OOpF, 15000 
.......•.........•........•.....••. 
ESD 
Drain Current, Continuous 
. .. • . . . • .. • • . . . • .. . .. . . . . . .. • .. .. • .. • . . . • •• • •• •• 
'0 
Power Dissipation 
Total @TC=+250C 
...••••••...............•....••••••• 
Po 
Power Dissipation 
Derating TC > +250C 
......•....•••••••••••........•........ 


Operating and Storage Junction Temperature 
Range ..•..•••••.•..••.••• 
Tj, TSTG 


~~ 


UNITS 
w •... 


RLP1N08LE 
c:Jw 
::ll:C 


80 
V 


•••.•e.> 
Wrn 


80 
V 
•... - 
:!:Cl 


5.5 
V 


2 
kV 
Self Limited 
75 
W 
0.24 
W/oC 
-55to+150 
oC 


CHARACTERISTIC 
TEST CONDITIONS 
LIMITS 
UNITS 
MIN. 
MAX. 
Drain-Source 
Breakdown 
Voltage 
BVoss 
10- 0.25 mA, VGS- 0 V 
80 
- 
V 
Gate Threshold 
Voltage 
VGs(th) 
VGS= Vos, 10- 0.25 mA 
1 
2 


Zero-Gate 
Voltage Drain Current 
Vos - 65 V, VGS- 0 V 
- 
1 
loss 
Tc = 150·C 
50 
IJA 
- 
Gate-Source 
Leakage Current 
IGSS 
VGS- 5 V, Tc - 150·C 
- 
50 
10- 1 A, VGS- 5 V 
- 
0.75 
0 
On Resistance 
ros(on) 
Tc = 1500C 
1.5 
- 


Limiting 
Current 
10s(Lim) 
Vos = 15 V, VGS= 5 V 
1.8 
3 
A 
Tc = 1500C 
1.1 
1.5 
Turn-On 
Time 
t(on) 
- 
6.5 
Turn-On 
Delay Time 
t,,(on) 
Voo = 30 V, 10= 1 A 
- 
1.5 
Rise Time 
t, 
1 
5 
Turn-Off 
Delay Time 
td(off) 
VGS= 5 V, RGS= 250 
- 
7.5 
IJS 
. 
R1 = 300 
Fall Time 
t, 
1 
5 
Turn-Off 
Time 
t(off) 
- 
12.5 
Plateau Voltage 
V(plateau) 
10- 1 A, Vos - 15 V 
- 
5 
V 
Thermal Resistance, Junction-to-Case 
R8JC 
- 
4.17 
·C/W 
Thermal Resistance, Junction-to-Ambient 
R8JA 
- 
80 
Electrostatic 
Voltage 
ESD 
Human Model (100 pF, 1.5 kOj 
2000 
- 
V 


CHARACTERISTIC 
TEST CONDITIONS 
LIMITS 
UNITS 
MIN. 
MAX. 
Diode Forward Voltage 
Vso 
Iso - 1 A 
- 
1.5 
V 
Reverse Recovery Time 
t" 
IF- 1 A 
- 
1 
ms 
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Fig. 2 - Normalized power dissipation 
vs. temperature 
derating curve. 


J 


2 


t ---- 
'-- •.....••.•• 


~ '-. 


~ 
~ 


•.•.••rm 
--- ---- 
•...••.....- 
- 


ClJl"l'cm..£-..!NlW( 
r 
/ 
I 


/ 


t 
/~ 
// 
/----- 
--- 


...- 


~ 


- 


--- 
------- 


25 


20 


."~ 
1.5 
Ii'aw 
N 
~ 
1.0 
'"f£ 


0.5 


~ 


~ ~ 


~ 
--- 


.--0 
!l// 


h~ 
jf 


/;, 
~/ 


L 
... 
zu> 
WW 
C:lt:i 
::::ia: 
-Ie.> 
Wu> 
~C 


\ 


\ 


"- 
"- - -- 
\ 
- ---- I-- 


"'-.::: 
-- 
-- 
-- 


TheRLP1N08LEis a monolithic power device which incor- 
porates a Logic Level PowerMOS transistor with a resistor 
in series with the source. The base and emitter of a lateral 
bipolar transistor is connected across this resistor, and the 
collector of the bipolar transistor is connected to the gate 
of the PowerMOS transistor. When the voltage across the 
resistor reaches the value required to forward bias the 
emitter base junction of the bipolar transistor, the bipolar 
transistor "turns on". A series resistor is incorporated in 
series with the gate of the PowerMOS transistor allowing 
the bipolar transistor to drive the gate of the PowerMOS 
transistor to a voltage which just maintains a constant 
current 
in the PowerMOS transistor. 
Since 
both the 
resistance of the resistor in series with the PowerMOS 
transistor source and the voltage required to forward bias 
the base emitter junction 
of the bipolar transistor vary 
with the temperature, the current at which the device lim- 
its is a function of temperature. This dependence is shown 
in Figure 8. 


The resistor in series with the gate of the PowerMOS 
transistor results in much slower switching than in most 
PowerMOS transistors. This is an advantage where fast 
switching can cause EMI or RFI. The switching speed is 
very predictable, and a minimum as well as maximum fall 
time is given in the device characteristics for this type. 


DC Operation of the RLP1N08LE 


The limit on drain-to-source voltage for operation in cur- 
rent limiting on a steady state (dc) basis is shown as Fig- 
ure A. The dissipation in the device is simply the applied 
drain-to-source voltage multiplied by the limiting current. 
-This device, like most PowerMOS devices today, is limited 
to 150°C. The maximum voltage allowable can, therefore. 
be expressedas: 


(150- Tambient) 


I';m (RBJC + RB) 
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Duty 
Cycle 
Operation 
01 the RLP1 N08LE 


In many applications either the drain-to-source voltage or 
the gate drive is not available 1.00% of the time. The 
copper header on which theRLP1 N08LEis mounted has a 
very large thermal storage capability, so for pulse widths 
of less than 100 milliseconds, the temperature of the 
header can be considered a constant case temperature 
calculated simply as: 


Tc = (Vso • 10' 
0 • RBCA)+ Tambient 


Generally the heat storage capability of the silicon chip in a 
power transistor is ignored for duty cycle calculations. Mak- 
ing this assumption, limiting junction temperature to 150°C 
and using the TC,calculated above, the expression for max- 
imum Vsounder duty cycle operation is: 


150-Tc 
Vso = 
lurn' 0 • RBJC 


These values are plotted as Figures 81 - 85 for various heat 
sink thermal resistances. 


Fig. 82· Maximum 
Vos vs. ambiant 
temperature 
in current 
limiting. 
(Heatsink 
thermal 
resistance = 5°C/W) 
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Fig. 84 - Maximum 
Vos vs. ambient 
temperature 
in current 
limiting. 
(Heatsink 
thermal 
resistance = 25° C/W) 
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Fig. 81 - Maximum 
Vos vs. ambient 
temperature 
in current 
limiting. 


(Heatsink 
thermal resistance = 2°C/W) 


Fig. 83· Maximum 
Vos vs. ambient 
temperature 
in current 
limiting. 


(Heatsink 
thermal 
resistance 
= 10" C/W) 


Fig. 85- Maximum 
Vos vs. ambient 
temperature 
in current 
limiting. 


(No external 
heatsink) 


Limited Time Operations of the RLP1N08LE 


Protection for a limited period of time is sufficient for many 
applications. As stated above the heat storage in the silicon 
chip can usually be ignored for computations of over 10 mil- 
liseconds and the thermal equivalent circuit reduces to a 
simple enough circuit to allow easy computation on the lim- 
iting 
conditions. 
The variation 
in limiting 
current 
with 
temperature complicates the calculation of junction tempera- 
ture, but a simple straight line approximation of the varia- 
tion is accurate enough to allow meaningful computations. 
The curves shown as Figures C1 - C5 give an accurate indi- 
cation of how long the specified voltage can be applied to 
the device in the current limiting mode without exceeding 
the maximum specified 150°C junction 
temperature. In 
practice this tells you how long you have to alleviate the 
condition causing the current limiting to occur. 


Fig. C2 - Tima to 150° C in currant limiting. 


(Haatsink tharmal rasistanca = 5° C/W 
Haatsink tharmal capacitanca = 2 i/· C) 
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Fig. C4 - Tima to 150· C in currant limiting. 
(Haatsink tharmal rasistanca = 25° C/W 
Haatsink tharmal capacitanca = 5 il" C) 


Fig. Cl - Tima to 150° C in currant limiting. 


(Haatsink tharmal rasistanca = 2°C/W 
Haatsink tharmal capacitanca = 4 iI" C) 


Fig. C3 - Tima to 150° C in currant limiting. 


(Haatsink tharmal rasistanca = 100 C/W 
Haatsink tharmal capacitanca = 1il" C) 


Fig. C5 - Tima to 150° C in currant limiting. 


(No axtarnal haatsink) 


Spice Model 
(RLP1 N08LE) 


.SUBCKT RLP1 NOBLE 
2 
1 
3; 
rev 09/16191 


'Nominal 
Temperature 
= 25°C 


.MODEL MOSMOD NMOS (VTO=1.7 
KP=2.1 
IS=19030 
N=10 
TOS=1 
L=1u 
W=1u) 


Vto 
21 
6 
0.33 


Rsource 
8 
7 
RDSMOD 
0.28 


Rdrain 
5 
16 
RDSMOD 
0.2 


.MODEL RDSMOD RES (TC1=7.54E-3 
TC2=2.23E-5) 


.MODEL RVTOMOD 
RES (TC1=-2.23E3 
TC2=-5.29E-7) 


.MODEL RVTOMOD2 
RES (TC1=0 
TC2=0) 


Ebreak 11 
7 
17 
18 
107.3 


.MODEL RBKMOD 
RES (TC1=1.11E-3 
TC2=-6.83E-7) 


.MODEL DBKMOD 
D (RS=2.78 
TRS1=-8.88E-3 
TRS2=2.55E-5) 


.MODEL DBDMOD D (IS=9.91 E-15 
RS=3.01E-1 
TRS1=3.79E-3 
TRS2=1.11E-6 
+CJO=4.32E-10 
TT=2E-7 


Cin 
6 
8 
3.75E-10 


Ca 
12 
8 
6.5E-10 


.MODEL S1AMOD VSWITCH 
(RON=1905 
ROFF=0.1 
VON=-3 
VOFF=-1) 


.MODEL S1BMOD VSWITCH 
(RON=1905 
ROFF=0.1 
VON=-1 
VOFF=-3) 


.MODEL DPLCAPMOD 
D (CJ0=2E-10 
IS=19030 
N=10) 


Cb 
12 
14 
6.5E-10 


.MODEL S2AMOD VSWITCH 
(RON=1905 
ROFF=0.1 
VON=-1.65 
VOFF=3.35) 


.MODEL S2BMOD VSWITCH 
(RON=1 905 
ROFF=0.1 
VON=3.35 
VOFF=-1.65) 


Rgate 
9 
20 
4.48E3 


Lgate 
1 
9 
9.5E-10 


Ldrain 
2 
5 
2.5E-9 


Lsource 
3 
7 
2.5E-9 


Doody 
7 
5 
DBDMOD 


Dbreak 
5 
11 
DBKMOD 


Dplcap 
10 
5 
DPLCAPMOD 
Eds 
14 
8 
5 
8 
1 


Egs 
13 
8 
6 
8 
1 


Esg 
6 
10 
6 
8 
1 


Ev10 
20 
6 
18 
8 
1 


It 
8 
17 
1 


MOS1 
16 
6 
8 
8 
MOSMOD 
M=0.99 


MOS2 
16 
21 
8 
8 
MOSMOD 
M=0.01 


Rbreak 
17 
18 
RBKMOD 
1 


Rin 
6 
8 
1e9 


Rv10 
18 
19 
RVTOMOD 
1 


S1a 
6 
12 
13 
8 
S1AMOD 


S1b 
13 
12 
13 
8 
S1BMOD 


S2a 
6 
15 
14 
13 
S2AMOD 


S2b 
13 
15 
14 
13 
S2BMOD 


Vbat 
8 
19 
DC 
1 


'Current 
Limiting Control Section 


.MODEL RSMOD RES (TC1=3.2E-3) 


Q Control 20 
8 
7 
QMOD 
10 


.MODEL QMOD NPN (BF=5 
VJE=0.5) 


'ESD Protection 


DESD 
7 
9 
DES MOD 


.MODEL DESMOD 
D(BV=7.185 
TBV1=3.5E-4 
TBV2=2.2E-6) 
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RFB18N10CS/ 


CSVM/CSHM 
Current Sensing N-Channel 


Enhancement-Mode Power Field-Effect Transistor 


m HARRIS 


• 18A, 100V 


• rOS(ON) ...............................•..........•........ 
0.1n 


• Built-In Current Sensing Ratio .....................• 
1560 ± 2.5% 


• UIS SOA Rating Curve (Single Pulse) 


• -550C to +1750C Operating and Storage Temperature 


Description 


The RFB18Nl0CS, 
RFB18Nl0CSVM, 
RFB18Nl0CSHM 
are n-channel 
enhancement-mode silicon-gate power field-effect transistors which have 
a built-in current sensing function. The current sense lead provides an 
accurate fraction of the drain current that can be used as a feedback signal 
for control and/or 
protection. These devices can be repeatedly and 
economically produced on the standard PowerMOS production line. 


The RFB-series are supplied in various lead configurations of the TS-OOl 
(5 lead) case style plastic package. 


Because of space limitations, branding (marking) on types RFB18Nl0CS, 
RFB18Nl0CSVM and RFB18Nl0CSHM is F18Nl0CS. 


Package 


TS-OOl (5 LEAD) 
TOP VIEW 


DRftJN WI 
;5~~ 
(FLANLtJLJ§~~~~~i 


1810CS01.GEM 


TERMINAL 
CONNECTIONS 


1 
- 
Gate 


2 
- 
Current Sense 


3 
- 
Drain 
4 
- 
Source Kelvin 
5 
- 
Source 


Terminal Diagram 


N-CHANNEL 
ENHANCEMENT MODE 
oG.~:~ 
SENSE 


1610CS02 
S 
.GEM 


Drain-Source 
Voltage .............•.•...•••••••...•..•••.............. 
VOSS 
Drain-Gate 
Voltage 
..........•...••••....••••......•.•................ 
VDGR 
Gate-Source 
Voltage 
•••....•.......•..............••.•.•..•.•••••••••. 
VGS 
Drain Current, Continuous 
.....................•....••••••...•••••.••.•... 
10 
Drain Current, Pulsed 
•••.................••••.....•••••••.....•......... 
10M 
Single Pulse Avalanche Rating, Refer to UIS SOA Curve (Figure 10) 
Power Dissipation 
Total @TC= 
+250C 
...••.............•....•••••••...•.• 
Po 
Power Dissipation 
Derating TC > +250C 
..•••••.....•••••••.....•............. 


Operating 
and Storage Junction Temperature 
Range ............•••••••. 
Tj, TSTG 


RFB18Nl0CS 
RFB18Nl0CSVM 
RFB18Nl0CSHM 


100 
100 
±20V 
18 
56 


79 
0.53 
-55 to +175 


W 
W/oC 
°C 


LIMITS 


CHARACTERISTICS 
TEST CONDITIONS 
MIN. 
MAX. 
UNITS 


Drain-Source Breakdown Voltage 
BVDSS 
10 = 0.25 mA, VGS = OV 
100 
- 
V 
Gate Threshold Voltage 
VGS(th) 
VGS = VDS, 10 = 0.25 mA 
2 
4 


Zero Gate Voltge Drain Current 
lOSS 
VGS=OV 
VDS = 1OOV,Tc = 250C 
- 
250 
flA 
VDS = 80V, Tc = 1750C 
- 
1000 


Gate-Source Leakage Current 
IGSS 
VGS = ±20V, VDS = OV 
- 
±500 
nA 


Static Drain-Source On Resistance 
rDS(on) 
10 =9A,VGS 
= 10V 
- 
0.10 
n 


Forward Transconductance 
gls 
10=9A, VDS= 15V 
4.7 
- 
S(U) 


Current Sensing Ratio 
r 
10= 14A, VGS= 10V 
1480 
1640 


Turn-On DelayTime 
td(on) 
VDS=50V 
- 
14 


RiseTime 
tr 
ID=14A 
- 
63 
ns 
Turn-Off Delay Time 
td(off) 
VGS = 10V 
- 
33 


Fall Time 
tr 
Rgs=12n 
- 
38 


Total Gate Charge 
Qg(total) 
10= 14A, VDS=80V 
- 
20 
nC 
VGS = 10V 


Thermal Resistance, Junction-te-Case 
RaJC 
- 
1.9 
°CIW 
Thermal Resistance, Junction-te-Ambient 
RaJA 
- 
75 


LIMITS 


CHARACTERISTICS 
TEST CONDITIONS 
MIN. 
MAX. 
UNITS 


Diode Forward Voltage 
VSD 
ISD= 14A 
- 
1.5 
V 


Reverse Recovery Time 
trr 
ISO = 14A, dlSD/dt = 100NflS 
- 
310 
ns 
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Figure 2 - Typical transfer characteristics. 
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Figure 3 - Typical saturation characteristics. 
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Figure 5 - Typical transconductance 
vs drain current. 
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Figure 4 - Maximum safe operating area 
(Curves must be derated linearly with increase in case temperature.) 
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Figure 13 - Normalized switching 
waveforms for constant 
gate-current. 
(Refer to Harris application 
notes 
AN7254 and AN7260.) 
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Current Limited ESO Protected N-Channel 


Enhancement-Mode Power Field-Effect Transistor 


• 5.5A, 80V 


• ROS(ON) ...••••.•.••...••...••.••...•.••••••••••••••••••. 
0.120 


• ILimit .••••••••••••••••••••••••••.•..••... 
5.5A to 8.5A at + 1500C 


• Built In Current 
Limiting 


• ESO Protected 
•••••••••••••••••••...•.•••..••.••.••••••• 
2KV Min 


• Controlled 
Switching 
Limits EMI and RFI 


• Specified 
For +1500C Operation 


• +1750C 
Rated Junction 
Temperature 


• Logic Level Gate 


Description 


The RLP5N08LE is an "Intelligent Discrete" monolithic power circuit which 
incorporates a small signal bipolar transistor, two resistors, a zener diode, 
and a PowerMOS transistor. Low RDS(ON) is achieved by the use of 
separate current sensing cells. Good control of the current limiting levels 
allows these devices to be used where it is anticipated that a shorted load 
condition may be encountered. "Logic Level" gates allow this device to be 
fully biased on with only 5.0V from gate to source. The zener diode 
provides ESD protection of 2KV minimum. 


Terminal Diagram 


N-CHANNEL 
ENHANCEMENT 
MODE 


o 


Drain-Source 
Voltage 
.••.......................•.•....••••••••.•.•.... 
VOSS 
Drain-Gate 
Voltage 
.............•..............•.••.••.•••••••••.•.... 
VDGR 
Gate-Source 
Voltage 
••••••.•......•.•••.......•..••.••..•.••••••••.••. 
VGS 
Reverse Voltage Gate Bias Not Allowed 
ElectrostaticVoItageat100pF,15000 
••••••••••••••••••••..•.••••••••••• 
ESD 
Drain Current, Continuous 
• • • • . . . • • • • • . . . • • • • • • • . . . . . • • • • . . . • . . . . • • . • • • . •• 
10 
Power Dissipation 
Total @ TC = +250C 
•••........••..•..••••.••.••..•••••• 
Po 
Power Dissipation 
Derating TC > +250C 
••••.....•••••...•..••••••••••.••••••• 


Operating 
and Storage Junction Temperature 
Range ..•••.•.....••.••••• 
Tj, TSTG 


RLP5N08LE 


80 
80 
5.5 


UNITS 


V 
V 
V 


2 
Self Limited 
72 
0.48 
-55 to +175 


W 
W/oC 
°C 


~f3 
wt- 
S!w 
•••a: 
...... 
w'" 
t- _ 
!:Cl 


LIMITS 


PARAMETERS 
SYMBOL 
TEST CONDITIONS 
MIN 
MAX 
UNITS 


Drain Source Breakdown Voltage 
BVDSS 
10 =0.25mA 
VGS=OV 
80 
- 
V 


Gate Threshold Voltage 
VGS(TH) 
VGS=VOS 
10=0.25mA 
1 
2 
V 


Zero Gate Voltage Orain Current 
lOSS 
VOS=65V 
VGS=OV 
- 
1 
fJA 


atTc = +1500C 
- 
50 
fJA 


Gate Source Leakage Current 
IGSS 
VGS=5V 
- 
1 
fiA 


atTc=+1500C 
- 
50 
fiA 


On Resistance 
ROS(ON) 
'0 = 5.5A 
VGS = 5.0V 
- 
0.12 
0 


atTc = +1500C 
- 
0.24 
0 


Limiting Current 
10S(Limit) 
VOS= 15.0V 
VGS=5.0V 
9.0 
14 
A 


@TC=15QOC 
5.5 
8.5 
A 


Turn-On Time 
t(ON) 
VOO=30.0V 
- 
6.5 
fis 


Turn-On OelayTime 
to(ON) 
10 =5.5A 
- 
1.5 
fis 


RiseTime 
tR 
VGS=5.0V 
1.0 
5.0 
fis 


Turn-Off Delay Time 
to(OFF) 
RGS=250 
- 
10.0 
fis 


Fall Time 
tF 
RL= 5.450 
1.0 
5.0 
fis 


Turn-Off Time 
,<OFF) 
- 
15.0 
fis 


Plateau Voltage 
V(PLATEAU) 
10=7.5A 
VOS= 15.0V 
- 
5.0 
V 


Thermal Resistance 
ROJC 
- 
2.083 
°C/W 
Junction to Case 


Thermal Resistance 
ROJC 
- 
75 
°C/W 
Junction to Ambient 


Electrostatic Voltage 
ESO 
Human Model (1oopF, 1.5kO) 
2000 
- 
V 
Mil-Std-883S 
(Category B2) 


SOURCE ORAIN DIODE RATINGS AND CHARACTERISTICS 
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FIGURE 2. UNCLAMPED INDUCTIVE SWITCHING 
SOA 
(SINGLE PULSE UIS SOA) 


Performance 
Curves 
(Continued) 
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FIGURE 3. NORMALIZED POWER DISSIPATION 
VB. 
FIGURE 4. TYPICAL NORMALIZED GATE THRESHOLD 
TEMPERATURE DERATING CURVE 
VOLTAGE 
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FIGURE 5. NORMALIZED 
RDS(ON) VB. 
FIGURE 6. TYPICAL TRANSFER CHARACTERISTICS 
JUNCTION TEMPERATURE 
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Temperature 
Dependence 
of 
Current 
Limiting 
and 
sensing scheme supplies current to a resistor that is 
Switching 
Speed Performance 
connected across the base to emitter of a bipolar transistor 
The RLP5N08LE is a monolithic power device which 
in the control section. The collector of this bipolar transistor 
incorporates a Logic Level PowerMOS transistor with a 
is connected to the gate of the PowerMOSFET. When the 
current sensing scheme and control circuitry to enable the 
ratiometric current from the current sensing reaches the 
device to self limit drain-source current flow. The current 
value 
required 
to 
forward 
bias 
the 
base-emitter 
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junction of this bipolar transistor, the bipolar ''tums-on''. A 
resistor is incorporated in series with the gate of the 
PowerMOSFET allowing the bipolar transistor to adjust the 
drive on the gate of the PowerMOSFET to a voltage which 
then maintains a constant current in the PowerMOSFET. 
Since both the ratiometric current sensing scheme and the 
base-emitter junction voltage of the bipolar transistor vary 
with temperature, the current at which the device limits is a 
function of temperature. This dependence is shown in 
Figure 9. 


The resistor in series with the gate of the PowerMOSFET 
also results in much slower switching performance than in 
standard PowerMOSFETs.This is an advantage where fast 
switching can cause EMI or RFI. Switching speed is very 
predictable; a minimum as well as a maximum fall time is 
given in the device characteristics for this type. 


DC Operation 
of the RLP5N08LE 


The limit 
of 
drain-to-source 
voltage for 
operation in 
current limiting on a steady state (DC) basis is shown in 
equation below. The dissipation in the device is simply the 
applied drain-to-source 
voltage multiplied by the limiting 
current. This device, like most PowerMOSFET devices, 
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is limited to +17S0C. The maximum voltage allowable can, 
therefore, be expressed as: 


+17SoC - TAmbient 


ILiMIT x (ReJC+ HSTR) 


The results of this equation are plotted in Figure A for vari- 
ous heatsinks. 


Duty Cycle Operation of the RLP5N08LE 
In many applications either drain-to-source voltage or gate 
drive is not available 100% of the time. The copper header 
on which the RLPSN08LEis mounted has a very large ther- 
mal storage capability, so for pulse widths of less than 1ms 
headertemperature can be considered a constant. Thereby, 
junction temperature can be calculated simply as: 


TJ = (VDS x IDS x D x ReJ-Amb) + Tambient 


Generallythe heat storage capability of the silicon chip in a 
power transistor is ignored for duty cycle calculations. Mak- 
ing 
this 
assumption, 
limiting 
junction 
temperature to 
+17SoC and using TC calculated above,the expression for 
maximum VDS under duty cycle operation is: 


+17S0C - Tambient 


ILiMITx D x ReJ-ambient 


These values are plotted as Figures 81 - 86 for various 
heatsink thermal resistances. 
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mHARRIS 
RLP1N06CLE 


Voltage-Clamping 
Current-Limited 
ESO-Protected 


N-Channel 
Enhancement-Mode 
Power Field-Effect 
Transistor 


• lA, 55V 


• ReS(ONj ...••..•...•.........•....••.•..•...•.........••. 
0.750 


• 'Limit •••..•••••................•.•.• 
1.lAto 
1.5AMax@ +150oC 


• Built In Voltage Clamp 


• Built In Current Limiting 


• Ese Protected 
.....•...••••••••••.......•..........••••• 
2KV Min 


• Controlled Switching 
Limits EMI and RFI 


• +1750C Rated Junction 
Temperature 


• Logic Level Gate 


Description 


The RLP1N06CLE is an intelligent monolithic power circuit 
which 


incorporates a lateral bipolar transistor, resistors, zener diodes, and a 
PowerMOS transistor. The current limiting of this device allows it to be 
used safely in circuits where it is anticipated that a shorted load condition 
may be encountered. The drain-source voltage clamping offers precision 
control of the circuit voltage when sWitchinginductive loads. "Logic Level" 
gates allow this device to be fully biased on with only 5.0V from gate to 
source. Input protection is provided for ESD up to 2KV. 
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Terminal Diagram 


N-CHANNEL 
ENHANCEMENT MODE 
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Drain-Source 
Voltage ................................................• 
VOSS 
Drain-Gate 
Voltage 
................•.................................. 
VDGR 
Gate-Source 
Voltage' 
•••••..••••...•••••.•...•••••.....•••••••••...•••• 
VGS 
Reverse Voltage Gate Bias Not Allowed 
Electrostatic 
Voltage alT C = +250C 
.....•.......••..•....•••..•.•....... 
ESD 
Drain Current, Continuous 
.•...•. 
, ....•••.................••••••....•...•. 
10 
Power Dissipation 
Total @ TC = +250C 
Po 
Power Dissipation 
Derating TC > +250C 
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LIMITS 


PARAMETERS 
SYMBOL 
TEST CONDITIONS 
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MAX 
UNITS 


Drain Source Breakdown Voltage 
BVOSS 
10 = 20mA 
VGS=OV 
55 
70 
V 


Gate Threshold Voltage 
VGS(TH) 
VGS=VOS 
10 =0.25mA 
1 
2.5 
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Zero Gate Voltage Drain Current 
lOSS 
VOS=45V 
VGS=OV 
- 
5 
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Gate Source Leakage Current 
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Temperature 
Dependence 
of 
Current 
Limiting 
and 
Switching Speed 


The RLP1N06CLE is a monolithic power device which 
incorporates a Logic Level PowerMOS transistor with a 
resistor in series with the source. The base and emitter of a 
lateral bipolar transistor is connected across this resistor, 
and the collector of the bipolar transistor is connectedto the 
gate of the PowerMOS transistor. When the voltage across 
the resistor reaches the value required to forward bias the 
emitter base Junction of the bipolar transistor, the bipolar 
transistor "turns on". A series resistor is incorporated in 
series with the gate of the PowerMOS transistor allowing 
the bipolar transistor ot drive the gate of the PowerMOS 
transistors to a voltage which just maintains a constant 
current in the 
PowerMOS transistor. Since both the 
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resistance of the resistor in series with the PowerMOS 
transistor source and voltage required to forward bias the 
base emitter Junctionof the bipolar transistor vary with the 
temperature, the current at which the device limits is a 
function of temperature. This dependence is shown in 
Figure 8. 


The risistor in series with the gate of the PowerMOS 
transistor results in much slower switching than in most 
PowerMOS transistors. This is an advantage where fast 
switching can cause EMI or RFI. The switching speed is 
very predictable, and a minimum as well as maximum fall 
time is given in the device characteristics for this type. 


Performance 
Curves 
(Continued) 


DC Operation 
of the RLPl NOGCLE 


The limit of the drain-to-source 
voltage for operation in 
current limiting on a steady state (DC) basis is 'lhown as 
Figure A. The dissipation in the device is simply the applied 
drain-to-source 
voltage multiplied by the limiting current. 


This device, like most PowerMOSFET devices today, is 
limited to +1500C. The maximum voltage allowable can, 
therefore, be expressed as: 


+1500C - TAmbient 


ILiMIT x (ReJC +Re) 


In many applications either the drain-to·source 
voltage or 
the gate drive is not available 100% of the time. The copper 
header on which the RLPl N06CLE is mounted has a very 


HEATS 
INK 
THERMAL 
RESISTANCE 
- 
(HSTRl 


Tj-1750C 
IIIm-I.J5A 
RoJC'~' 
17°C/W 


eo 


m 
'0 
60 
> 


w 
'"'"~-' 
<> 
40 
> 
wu 
'"=> 
<>~ 


<> 
20 
~ 
z 
~ 


0 
25 
50 
75 
100 
AMBIENT 
TEMPERATURE 


FIGURE B2. MAXIMUM VOS vs. AMBIENT TEMPERATURE IN 
CURRENT LIMITING. (HEATSINK THERMAL 
RESISTANCE = SOC/W) 


large thermal storage capability, so for pulse widths of less 
than 100 milliseconds, the temperature of the header can 
be considered a constant case temperature calculated 
simply as: 


TC = (VSD x ID x D x ReCA) + Tambient 


Generally the heat storage capability of the silicon chip in a 
power transistor is ignored for duty cycle calculations. Mak- 
ing 
this 
assumption, 
limiting 
junction 
temperature 
to 
+1500C and using the TC calculated above, the expression 
for maximum VSD under duty cycle operation is: 


+1750C-TC 


ILiMIT x D x ReJC 


These values are plotted as Figures 81 - 85 for various 
heatsink thermal resistances. 
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FIGURE B3. MAXIMUM VOS vs. AMBIENT TEMPERATURE IN 
CURRENT LIMITING. (HEATSINK THERMAL 
RESISTANCE = 100C/W) 
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FIGURE B4. MAXIMUM VOS vs. AMBIENT TEMPERATURE IN 
CURRENT LIMITING. (HEATSINK THERMAL 
RESISTANCE = 2S0C/W) 


Limited Time Operations of the RLP1NOGeLE 


Protection for a limited period of time is sufficient for many 
applications. As stated above the heat storage in the silicon 
chip can usually be ignored for computations of over 10 
milliseconds and the thermal equivalent circuit reduces to a 
simple enough circuit to a allow easy computation on the 
limiting conditions. The variation in limiting current with 
temperature 
complicates 
the 
calculation 
of 
junction 
temperature. but a simple straight line approximation of the 
variation 
is 
accurate 
enough 
to 
allow 
meaningful 
computations. The curves shown as Figures C1-C5 give an 
accurate indication of how long the specified voltagecan be 
applied to the device in the current limiting mode without 
exceeding 
the 
maximum 
specified 
1750C 
junction 
temperature. In practice this tells you how long you have to 
alleviatethe condition causing the current limiting to occur. 
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FIGURE C2. TIME TO 1750C IN CURRENT LIMITING 
(HEATSINK THERMAL RESISTANCE = sOC/W 
HEATSINK THERMAL CAPACITANCE = 2J/OC) 


FIGURE BS. MAXIMUM VOS vs. AMBIENT TEMPERATURE IN 
CURRENT LIMITING. (NO EXTERNAL 
HEATSINK) 
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FIGURE C1. TIME TO 1750C IN CURRENT LIMITING 
(HEATSINK THERMAL RESISTANCE = 20CIW 
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FIGURE C3. TIME TO 1750C IN CURRENT LIMITING 
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FIGURE C4. TIME TO 17SoC IN CURRENT LIMITING 
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FIGURE CS. TIME TO 17SoC IN CURRENT LIMITING 
(NO EXTERNAL HEATSINK) 
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Military Power Products 


Military and aerospace 
requirements for high-reliability 
solid-state devices are extremely large and diverse, not 
only in terms of performance, operating conditions, and 
reliability, but also in terms of logistics and procurement. As 
a result of these requirements, the military services have 
jointly developed specifications and standards under which 
most military end-use solid-state devices are procured. To 
simplify procurement, logistics, and the development of 
reliability data, MIL specs are not issued for the full 
spectrum 
of 
devices 
manufactured: rather, 
they 
are 
restricted to those devices for which significant need Is 
demonstrated and are specified so that the device can have 
as wide applicability as possible. Although the limits for 
operating conditions may exceed these required for some 


applications, 
they simplify 
procurement 
and assure a 
supply of devices for the majority of military equipment. 
These standards also cover a wide range of requirements 
for the manufacturer on such things as: 


(a) 
The procedure and requirements for a manufacturer to 
become certified to manufacture MIL-spec parts. 


(b) 
The requirements for qualifying parts. 


(c) 
Product-assurance provisions, in such areas as quality 
control, 
inspection 
procedures, 
personnel training, 


cleanliness, failure analysis, and documentation. 


(d) 
Test methods and procedures. 


(e) 
Marking and identification of product. 


(f) 
Preservation and packing. 


100 PERCENT PROCESS 
PRODUCTION PROCESS 
INSPECTION LOTS 
CONDITIONING4 


1. Raw Material 
FORMED AT FINAL 
LOTS PROPOSED 
FOR JANTX 
1. High Temp Storage 
2. Factory Processing 
r----- 
ASSEMBLY 
I-- 
OR JANTXV 
I-- 
2. Thermal Shock 
3. Internal Visual 
OPERATION 
TYPES 
3. Acceleration 
(for TXV only) 
(SEALING) 
4. Hermetic Seal Tests 
5. Reverse Bias 
1 


100 PERCENT POWER 
CONDITIONING4 


INSPECTION TESTS 
1. Measurement of 


PREPARATION FOR 
REVIEW OF GROUP A, 
TO VERIFY LTPD 
Specified 
Parameters 


DELIVERY JANTX 
~ 
BAND C DATA 
1- 
GROUPA1 
~ 
2. Bum -In 


OR JANTXV 
FOR LOT ACCEPTANCE 
GROUP B2 
3. Measurement of 
GROUP C3 
Specified 
Parameters. 
4. Lot Acceptance 
Crneria Based on 
Bum -In Test 


1. Group A electrical performance 
tests performed on a lot sample basis. 
3. Group C environmental 
and life tests performed 
on a time period basis. 


2. Group B environmental, 
mechanical 
and life tests (storage and operating) 
4. Tests shall be performed 
in the order as shown. 


performed 
on a lot sample basis. 
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JANTX and JANTXV 
Solid-State 
Power Devices 


The major military specification used for the procurement of 
discrete solid-state devices by the military is MIL-S-19500. 


MIL-S-19500 
is the specification for the familiar "JAN" 
type solid state devices. Detailed electrical specifications 
are prepared as needed by the three military services and 
coordinated 
by the 
Defense Electronic 
Supply 
Center 
(DESC). 


Levels of reliability are defined by MIL-S-19500. 
JANTX 
types receive 100 percent process conditioning, and power 
conditioning, and are subjected to lot acceptance based on 
delta parameter criteria in addition to Group A, Group B, 
and Group C lot sampling. JANTXV types are subjected to 


100 percent (JTXV) internal visual inspection in addition to 
all of the JANTX tests in accordance with MIL-STD-750 
test methods and MIL-S-19500. 


DESC publishes "QPL-19500", 
a Qualified Products List of 


all types and suppliers approved to produce and brand 
devices in accordance with MIL-S-19500. 


The following tables list approved "QPL" types that Harris 
can supply. 


Most of Harris Power MOSFETs can also be supplied with 
similar process and power conditioning 
tests and delta 
criteria. 


N-CHANNEL 
MIL-S- 
PT 
10 
BVOSS 
'OS(ON) 
TYPES 
19500/ 
PACKAGE 
CHANNEL 
(W) 
(A) 
(V) 
n 


2N6756 
542 
TO-204AA 
N 
75 
14 
100 
0.18 
2N6758 
542 
TO-204AA 
N 
75 
9 
200 
0.4 
2N6760 
542 
TO-204AA 
N 
75 
5.5 
400 
1 
2N6762 
542 
TO-204AA 
N 
75 
4.5 
500 
1.5 


II 
2N6764 
543 
TO-204AE 
N 
150 
38 
100 
0.055 
2N6766 
543 
TO-204AE 
N 
150 
30 
200 
0.085 
2N6768 
543 
TO-204AA 
N 
150 
14 
400 
0.3 
2N6770 
543 
TO-204AA 
N 
150 
12 
500 
0.4 
2N6782 
556 
TO-205AF 
N 
15 
3.5 
100 
0.6 
2N6784 
556 
TO-205AF 
N 
15 
2.25 
200 
1.5 
2N6786 
556 
TO-205AF 
N 
15 
1.25 
400 
3.6 
2N6788 
555 
TO-205AF 
N 
20 
6 
100 
0.3 
2N6790 
555 
TO-205AF 
N 
20 
3.5 
200 
0.8 
2N6792 
555 
TO-205AF 
N 
20 
2 
400 
1.8 
2N6794 
555 
TO-205AF 
N 
20 
1.5 
500 
3 
2N6796 
557 
TO-205AF 
N 
25 
8 
100 
0.18 
2N6798 
557 
TO-205AF 
N 
25 
5.5 
100 
0.4 
2N6800 
557 
TO-205AF 
N 
25 
3 
400 
1 
2N6802 
557 
TO-205AF 
N 
25 
2.5 
500 
1.5 
2N6966 
569 
TO-213AA 
N 
70 
15 
100 
0.085 
2N6967 
569 
TO-213AA 
N 
70 
13 
200 
0.18 


2N6968 
569 
TO-213AA 
N 
70 
7.5 
400 
0.55 
2N6969 
569 
TO-213AA 
N 
70 
6.0 
500 
0.85 


P-CHANNEL 
MIL-S- 
PT 
10 
BVOSS 
'oS(ON) 
TYPES 
19500/ 
PACKAGE 
CHANNEL 
(W) 
(A) 
(V) 
n 


2N6895 
565 
TO-205AF 
P 
8.33 
-1.5 
-100 
3.65 
2N6896 
565 
TO-204AA 
P 
60 
-6 
-100 
0.6 
2N6897 
565 
TO-204AA 
P 
100 
-12 
-100 
0.3 
2N6898 
565 
TO-204AE 
P 
150 
-25 
-100 
0.2 
2N6849 
564 
TO-205AF 
P 
25 
-6.5 
-100 
0.3 
2N6851 
564 
TO-205AF 
P 
25 
-4.0 
-200 
0.8 


N-CHANNEL LOGIC- 
MIL-S- 
PT 
10 
BVOSS 
'os(ON) 


LEVEL TYPES 
19500/ 
PACKAGE 
CHANNEL 
(W) 
(A) 
(V) 
n 


2N6901 
570 
TO-205AF 
N 
8.33 
1.69 
100 
1.4 
2N6902 
566 
TO-204AA 
N 
75 
12 
100 
0.2 
2N6903 
570 
TO-205AF 
N 
8.33 
0.98 
200 
3.65 
2N6904 
566 
TO-204AA 
N 
75 
8 
200 
0.65 


Military 
Screening For Non QPL Types 


New 
discrete 
devices 
not 
yet 
covered 
by 
military 
specifications, offer technological advances or havespecial 
performance characteristics which have advantages to the 
designer 
of Military and Aerospace equipment. Harris 
cooperates with the users in establishment of specifications 
patterned after MIL standards. 


Harris 
Military 
Power 
Products 
are 
processed 
in 
accordance 
with 
provisions 
of MIL STD. The desired 
screening test sequence can be chosen from the models 
shown in the screening table. 
. 


Group B and Group C tests will 
be performed when 
requested in accordance with MIL-S-19500. 


MIL-S-195oo 
MIL-STD-750 
JANS 
JANTXV 
JANTX 


SCREEN 
METHOD 
CONDITION 
REQUIREMENTS 
REQUIREMENTS 
REQUIREMENTS 


1. Internal Visual 
2069 
Bipolar Trans. 
100% 
100% 
- 
MOSFETs 


2. High Temp Life (LTPD) 
1032 
24 hrs. min at max 
Optional 
Optional 
Optional 


(Stabilization 
Bake) 
rated storage 
temperature 


3. Thermal Shock (Temp. Cycling) 
1051 
No dwell is 
100% 
100% 
100'11> 
required at 250C. 
Test condition 
C. 


20 cycles,t 
(extremes) > 10 
min. 


4. Constant Acceleration 
2006 
Y 1 direction at 
100% 
Optional 
Optional 
(Note 1) 
20,OOOGmin 
except at 10,000 
G min for devices 
with pOwer rating 
of> 
10 walls at 
TC = 250C. The 1 
minholdtime 
requirement 
shall 
not apply. 


5. Particle Impact Noise Detection 
2052 
Condition A 
100% 
- 
- 


6. Hermetic Seal 
1071 
Test condition 
G 
Optional if done in 
100% 
100'll> 
Fine (Note 1) 
or H, max leak rate 
screen 14. 
(Note 4) 
(Note 4) 
=5x10-8atm 
eels except 
5x10-7 
atm eels 
for devices with 
internal cavity > 
0.3cc. 


Gross 
Test condition 
Optional 
100% 
100'11> 
CorD. 
(Note 4) 
(Note 4) 


7. Serialization 
See 3.7.9 
100% 


8. Interim Electrical 
As specified. 
100% 
Parameters 
(read and record) 


9. High Temp Reverse 
48 hrs min atTA = 
Bias (HTRB) 
1500C (min) and 
minimum applied 
voltage as follows: 


Bum-In 
for Bipolar Transistors 
1039 
Condition A 
100% 
100% 
100'11> 


Bipolar transistors 
(min) of rated VCB 


Burn-In for MOSFETs 
1042 
Condition 
B 
MOSFETs 
80'11>(min) of 
ratedVGS 
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MIL-STD-750 
JANS 
JANTXV 
JANTX 
SCREEN 
METHOD 
CONDITION 
REQUIREMENTS 
REQUIREMENTS 
REQUIREMENTS 


10. Interim Electrical and Delta 
As specified 
but 
100% (Measure 
100% (Measure 
100% (Measure 
Parameters 
including 
all delta 
all specified 
all specified 
all specified 
parameters as a 
parameters within 
parameters within 
parameters within 


minimum. 
16 hrsalter 
24 hrsalter 
24 hrsalter 


Leakage current 
removal of 
removal of 
removal of 
shall be measured 
applied voltage 
applied voltage 
applied voltage 


on each device 
in HTRB. Record 
in HTRB. Record 
in HTRB. Record 
before any other 
those parameters 
those parameters 
those parameters 


test is made. 
which have a 
which have a 
which have a 
delta limiL) 
delta limit.) 
deltalimiL) 
(See screen 12) 
(See screen 12) 
(See screen 12) 


11. Power Bum-In 
As specified 
100% 
100% 
100% 


Bum-In 
(Transistors) 
1039 
Transistors. Test 
240 hrs (min) 
160 hrs (min) 
160 hrs (min) 


condition 
B. 


Burn-In 
MOSFETs 
1042 
MOSFETsA 
240 hrs (min) 
160 hrs (min) 
160 hrs (min) 


12. Final Electrical Test 
As specified. 
100% 
100% 
100% 


Interim Electrical 
All interim and 
Interim electrical 
Interim electrical 
Interim electrical 


delta parameter 
and delta 
and delta 
and delta 
measurements 
parameters as a 
parameters as a 
parameters as a 
must be 
minimum. (Read 
minimum. (Read 
minimum. (Read 
completed 
within 
and record.) 
and record.) 
and record.) 
96 hrsalter 
removal from 
burn-in 
conditions 


Other Electrical Parameters 
Group A, sub- 
Group A, sub- 
Group A, sub- 
groups 2 and 3. 
groups 2 and 3. 
groups 2 and 3. 


13. Hermetic Seal 
1071 
(Sameas50n 
100% 
Optional 
Optional 
previous page) 
(Note 4) 
(Note 4) 
(Note 2) 


Fine (Note 1) 


Gross 


13. Radiography 
2076 
(Note 2) 
100% 
- 
- 


14. External Visual Examination 
2071 
To be performed 
100% 
- 
- 
alter complete 
marking. 


1. Omit fine leak seal test and constant acceleration 
test for double 
plug, 
non-internal 
cavity diode construction. 


2. The radiographic 
and seal screens 
for JANS 
may be performed 
in any 
order following final electrical test. Glass diodes shall not be painted until 
after seal tests. When 
hermetic 
seal testing is performed 
in screen 
5 it 
does not have to be performed 
again in screen 12 for double plug, non- 
internal cavity diode construction. 


3. Reverse-blocking 
test shall replace power burn-in for power rectifiers at 


2: 10 amp rating at TC ~ 1cooe 
and all thyristors. 


4. Fine and gross seal leak test for JANTX and JANTXV shall be performed in 


either block 6 or block 13. 


New TO-204 
and TO-254 packaged rugged n-channel MOSFETs are available to DESC standard military drawings. 


These types are tested to JANTX and JANTXV reliability levels. 


OESC 
Po 
10 
BVOSS 
fOS(ON) 
SMO# 
TYPE 
JAN 
JTX 
TXV 
PACKAGE 
(W) 
(A) 
(V) 
n 


89009 
2N7119 
- 
X 
X 
TO-204AA 
75 
14 
100 
0.18 


89009 
2N7120 
- 
X 
X 
TO-204AA 
75 
9 
200 
0.40 


89009 
2N7121 
- 
X 
X 
TO-204AA 
75 
5.5 
400 
1.0 


89009 
2N7122 
- 
X 
X 
TO-204AA 
75 
4.5 
500 
1.5 


89007 
2N7123 
- 
X 
X 
TO-204AE 
150 
38 
100 
0.055 


89007 
2N7124 
- 
X 
X 
TO-204AE 
150 
30 
200 
0.085 
89007 
2N7125 
- 
X 
X 
TO-204AA 
150 
14 
400 
0.30 
89007 
2N7126 
- 
X 
X 
TO-204AA 
150 
12 
500 
0.40 


89026 
2N7224 
- 
X 
X 
TO-254AA 
150 
30 
100 
0.07 
89026 
2N7225 
- 
X 
X 
TO-254AA 
150 
27 
200 
0.10 
89026 
2N7227 
- 
X 
X 
TO-254AA 
150 
14 
400 
0.315 


89026 
2N7228 
- 
X 
X 
TO-254AA 
150 
12 
500 
0.415 


89025 
2N7241 
- 
X 
X 
TO-254AA 
75 
14 
100 
0.195 
89025 
2N7242 
- 
X 
X 
TO-254AA 
75 
9 
200 
0.415 
89025 
2N7243 
- 
X 
X 
TO-254AA 
75 
5.5 
400 
1.0 
89025 
2N7244 
- 
X 
X 
TO-254AA 
75 
4.5 
500 
1.5 
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Tactical Applications 


• Radiation Hardness Assurance Program 


• 
Rated at 10K Rads (Si) 


The Harris Semiconductor Sector has formed a Radiation 
Hardness Assurance 
Program (RHAP) directed 
toward 
certain TACTICAL rad hard users which assures a minimum 
level of hardness for "off the shelf" needs where the volume 
of application mandates economy. Power MOSFET's from 
the FR series are a part of the RHAP effort. The FR parts are 
not selected from standard commercial product but are 
semiconductor 
die specially 
designed, 
processed, and 
treated 
for 
SECOND 
GENERATION 
hardened 
power 
MOSFET'S. 
Pre radiation 
specifications 
are 
met after 
exposure to 10 KRAD (Si) total dose. 


Strategic Applications 


• Rated at 100K and 1000K Rad(Si) 


The Harris Semiconductor Sector has designed a series of 
SECOND GENERATION hardened power MOSFET's of 
both Nand P channel enhancement types with ratings from 
100 to 500 volts. 1 to 60 amperes, and on resistance as low 
as 40 milliohms. Total dose hardness is offered at 1OOKand 
1000K RAD(Si) with neutron hardness ranging from 1E13 
n/cm2 for 500 volt product to 1E14 n/cm2 for 100 volt 
product. Dose rate hardness (GAMMA DOT) exists for rates 
to 1E9 rads/sec without current limiting and 2E12 rads/sec 
with current limiting. Heavy ion survival from single event 
drain burn-out exists for linear energy transfer (LET) of 35 
at 80% of rated voltage. 


RELIABILITY SCREENING 
LEVEL 


1. Commercial (Non TX) 


2. TX Equivalent of MIL-S-195oo 


3. TXV Equivalent of MIL-S-19500 


4. Space Equivalent of MIL-S-195oo 


RADIATION LEVEL ASSURANCE 


D 
- 10Krads(Si) 


R 
- 100K rads (Si) 


H 
- 1 Megarad (Si) 


PACKAGE DESIGNATION 


M 
- TO-204AA 


K 
- TO-204AE 


L 
- TO-205AF 


S 
- TO 257AA 


F 
- TO-254AA 


Radiation Hardness Assurance Program 


N-CHANNEL RAD HARD POWER MOSFETS 


INITIAL RATINGS 
POST RAD: 10K RADS 


DIE 
MAX 
MAX 
MAX 
PART 
SIZE 
DIE 
RATED 
RATED 
RATED 
VGS(TH) 
BVDSS 
rDS(ON) 
VGS (TH) 
NO. 
(MILS) 
SIZE 
BVOSS 
IDS 
ros(ON) 
(V) 
(V) 
(0) 
(V) 


FRM130D 
126X182 
3 
100 
14 
0.18 
2-4 
100 
0.18 
2-4 


FRM230D 
126 X 182 
3 
200 
8 
0.50 
2-4 
200 
0.50 
2-4 


FRM234D 
126 X 182 
3 
250 
7 
0.70 
2-4 
250 
0.70 
2-4 


FRM430D 
126 X 182 
3 
500 
3 
2.50 
2-4 
500 
2.50 
2-4 


FRL130D 
126 X 182 
3 
100 
8 
0.18 
2-4 
100 
0.18 
2-4 


FRL230D 
126X 182 
3 
200 
5 
0.50 
2-4 
200 
0.50 
2-4 


FRL234D 
126X 182 
3 
250 
4 
0.70 
2-4 
250 
0.70 
2-4 


FRL430D 
126 X 182 
3 
500 
2 
2.50 
2-4 
500 
2.50 
2-4 


FRS130D 
126X 182 
3 
100 
12 
0.195 
2-4 
100 
0.195 
2-4 


FRS230D 
126X 182 
3 
200 
7 
0.515 
2-4 
200 
0.515 
2-4 


FRS234D 
126X 182 
3 
250 
4 
0.715 
2-4 
250 
0.715 
2-4 


FRS430D 
126 X 182 
3 
500 
3 
2.52 
2-4 
500 
2.52 
2-4 


FRM140D 
170X200 
4 
100 
23 
0.13 
2-4 
100 
0.13 
2-4 


FRM240D 
170 X 200 
4 
200 
16 
0.24 
2-4 
200 
0.24 
2-4 


FRM244D 
170 X 200 
4 
250 
12 
0.40 
2-4 
250 
0.40 
2-4 
FRM440D 
170 X 200 
4 
500 
6 
1.40 
2-4 
500 
1.40 
2-4 


FRS140D 
170 X 200 
4 
100 
23 
0.145 
2-4 
100 
0.145 
2-4 


FRS240D 
170 X 200 
4 
200 
12 
0.255 
2-4 
200 
0.255 
2-4 


FRS244D 
170 X 200 
4 
250 
9 
0.415 
2-4 
250 
0.415 
2-4 


FRS440D 
170X200 
4 
500 
5 
1.42 
2-4 
500 
1.42 
2-4 


FRK150D 
259X 265 
5 
100 
40 
0.055 
2-4 
100 
0.055 
2-4 
FRK250D 
259X 265 
5 
200 
27 
0.10 
2-4 
200 
0.10 
2-4 
FRK254D 
259X265 
5 
250 
20 
0.17 
2-4 
250 
0.17 
2-4 


FRM450D 
259X265 
5 
500 
10 
0.60 
2-4 
500 
0.60 
2-4 


FRF150D 
259X265 
5 
100 
25 
0.07 
2-4 
100 
0.07 
2-4 


FRF250D 
259X265 
5 
200 
23 
0.115 
2-4 
200 
0.115 
2-4 


FRF254D 
259X265 
5 
250 
17 
0.185 
2-4 
250 
0.185 
2-4 


FRF450D 
259X 265 
5 
500 
9 
0.615 
2-4 
500 
0.615 
2-4 


FRK160D 
266X366 
6 
100 
66 
0.04 
2-4 
100 
0.04 
2-4 


FRK260D 
266X366 
6 
200 
46 
0.07 
2-4 
200 
0.07 
2-4 
FRK264D 
266X366 
6 
250 
34 
0.12 
2-4 
250 
0.12 
2-4 
FRK460D 
266X366 
6 
500 
17 
0.40 
2-4 
500 
0.40 
2-4 


POSTRAD: 
100KRADS 
POST RAD: 1 MRAD 
REGISTRATION 
PRESENT 
DIE 
PENDING 
PART 
SIZE 
DIE 
BVDSS 
rDS(ON) 
VGS(TH) 
BVDSS 
rDS(ON) 
VGS(TH) 
TYPE 
NO. 
(MILS) 
SIZE 
(V) 
(0) 
(V) 
(V) 
(0) 
(V) 


2N7271 
FRM130R,H 
126 X 182 
3 
100 
0.18 
2-4 
95 
0.26 
1.5-4.5 


2N7274 
FRM230R,H 
126X 182 
3 
200 
0.50 
2-4 
190 
0.70 
1.5-4.5 


2N7277 
FRM234R,H 
126X 182 
3 
250 
0.70 
2-4 
235 
0.88 
1.5- 4.5 


2N7280 
FRM430R,H 
126X 182 
3 
500 
2.50 
2-4 
TBD 
2.75 
1.5-4.5 


2N7272 
FRL130R, H 
126X 182 
3 
100 
0.18 
2-4 
95 
0.26 
1.5- 4.5 


2N7275 
FRL230R, H 
126X182 
3 
200 
0.50 
2-4 
190 
0.70 
1.5 -4.5 


2N7278 
FRL234R,H 
126X182 
3 
250 
0.70 
2-4 
235 
0.88 
1.5-4.5 


2N7281 
FRL430R,H 
126X 182 
3 
500 
2.50 
2-4 
TBD 
2.75 
1.5-4.5 


2N7273 
FRS130R,H 
126 X 182 
3 
100 
0.195 
2-4 
95 
0.28 
1.5-4.5 


2N7276 
FRS230R,H 
126 X 182 
3 
200 
0.515 
2-4 
190 
0.72 
1.5-4.5 
2N7279 
FRS234R,H 
126 X 182 
3 
250 
0.715 
2-4 
235 
0.90 
1.5-4.5 


2N7282 
FRS430R,H 
126X182 
3 
500 
2.52 
2-4 
TBD 
2.77 
1.5-4.5 


2N7283 
FRM140R, H 
170X200 
4 
100 
0.13 
2-4 
95 
0.19 
1.5-4.5 


2N7285 
FRM240R,H 
170 X 200 
4 
200 
0.24 
2-4 
190 
0.34 
1.5-4.5 


2N7287 
FRM244R,H 
170 X 200 
4 
250 
0.40 
2-4 
235 
0.50 
1.5-4.5 


2N7289 
FRM440R,H 
170 X 200 
4 
500 
1.40 
2-4 
TBD 
1.55 
1.5-4.5 


2N7284 
FRS140R,H 
170X 200 
4 
100 
0.145 
2-4 
95 
0.21 
1.5-4.5 
2N7286 
FRS240R,H 
170 X 200 
4 
200 
0.255 
2-4 
190 
0.36 
1.5-4.5 


2N7288 
FRS244R,H 
170X200 
4 
250 
0.415 
2-4 
235 
0.52 
1.5 -4.5 
2N7290 
FRS440R,H 
170X200 
4 
500 
1.42 
2-4 
TBD 
1.57 
1.5-4.5 


2N7291 
FRK150R,H 
259X265 
5 
100 
0.055 
2-4 
100 
0.08 
1.5- 4.5 
2N7293 
FRK250R,H 
259X265 
5 
200 
0.10 
2-4 
200 
0.14 
1.5- 4.5 
2N7295 
FRK254R,H 
259X 265 
5 
250 
0.17 
2-4 
250 
0.21 
1.5- 4.5 
2N7297 
FRK450R,H 
259 X 265 
5 
500 
0.60 
2-4 
500 
0.66 
1.5-4.5 


2N7292 
FRF150R,H 
259X265 
5 
100 
0.07 
2-4 
100 
0.10 
1.5- 4.5 
2N7294 
FRF250R, H 
259X265 
5 
200 
0.115 
2-4 
200 
0.16 
1.5-4.5 
2N7296 
FRF254R,H 
259X265 
5 
250 
0.185 
2-4 
250 
0.23 
1.5-4.5 
2N7298 
FRF450R,H 
259X 265 
5 
500 
0.615 
2-4 
500 
0.68 
1.5-4.5 


2N7299 
FRK160R,H 
266X366 
6 
100 
0.04 
2-4 
100 
0.06 
1.5-4.5 
2N7301 
FRK260R,H 
266X366 
6 
200 
0.07 
2-4 
200 
0.10 
1.5-4.5 
2N7303 
FRK264R,H 
266X366 
6 
250 
0.12 
2-4 
250 
0.15 
1.5-4.5 
2N7305 
FRK460R,H 
266X366 
6 
500 
0.40 
2-4 
500 
0.44 
1.5-4.5 


Radiation Hardness Assurance Program 


P-CHANNEL RAD HARD POWER MOSFETS 


INITIALRAnNGS 
POST RAD: 10K RADS 


DIE 
MAX 
MAX 
MAX 
PART 
SIZE 
DIE 
RATED 
RATED 
RATED 
VGS(TH) 
BVDSS 
'DS(ON) 
VGs(TH) 
NO. 
(MILS) 
SIZE 
BVDSS 
IDS 
'DS(ON) 
(V) 
(V) 
(0) 
(V) 


FRM9130D 
126X 182 
3 
100 
6 
0.55 
2-4 
100 
0.55 
2-4 


FRM9230D 
126 X 182 
3 
200 
4 
1.30 
2-4 
200 
1.30 
2-4 


FRL9130D 
126 X 182 
3 
100 
5 
0.55 
2-4 
100 
0.55 
2-4 


FRL9230D 
126 X 182 
3 
200 
3 
1.30 
2-4 
200 
1.30 
2-4 


FRS9130D 
126 X 182 
3 
100 
6 
0.565 
2-4 
100 
0.565 
2-4 


FRS9230D 
126 X 182 
3 
200 
4 
1.32 
2-4 
200 
1.32 
2-4 


FRM9140D 
170 X 200 
4 
100 
11 
0.30 
2-4 
100 
0.30 
2-4 


FRM9240D 
170 X 200 
4 
200 
7 
0.72 
2-4 
200 
0.72 
2-4 


FRS9140D 
170 X 200 
4 
100 
11 
0.315 
2-4 
100 
0.315 
2-4 


FRS9240D 
170X200 
4 
200 
7 
0.735 
2-4 
200 
0.735 
2-4 


FRK9150D 
258X264 
5 
100 
26 
0.125 
2-4 
100 
0.125 
2-4 
FRM9250D 
258X264 
5 
200 
17 
0.30 
2-4 
200 
0.30 
2-4 


FRF9150D 
258X264 
5 
100 
23 
0.14 
2-4 
100 
0.14 
2-4 


FRF9250D 
258X264 
5 
200 
14 
0.315 
2-4 
200 
0.315 
2-4 


FRK9160D 
266X366 
6 
100 
40 
0.085 
2-4 
100 
0.085 
2-4 


FRK9260D 
266X366 
6 
200 
26 
0.20 
2-4 
200 
0.20 
2-4 


POST RAD: 100K RADS 
POST RAD: 1 MRAO 
REGISTRATION 
PRESENT 
DIE 
PENDING 
PART 
SIZE 
DIE 
BVOSS 
'OS(ON) 
VGS(TH) 
BVOSS 
'OS(ON) 
VGS(TH) 
TYPE NO. 
NO. 
(MILS) 
SIZE 
(V) 
(0) 
(V) 
(V) 
(0) 
(V) 


2N7307 
FRM9130R, H 
126X 182 
3 
100 
0.55 
2-4 
95 
0.80 
2-6 
2N7310 
FRM9230R,H 
126 X 182 
3 
200 
1.30 
2-4 
190 
1.80 
2-6 


2N7308 
FRL9130R,H 
126 X 182 
3 
100 
0.55 
2-4 
95 
0.80 
2-6 
2N7311 
FRL9230R,H 
126 X 182 
3 
200 
1.30 
2-4 
190 
1.80 
2-6 


2N7309 
FRS9130R,H 
126 X 182 
3 
100 
0.565 
2-4 
95 
0.82 
2-6 
2N7312 
FRS9230R,H 
126X 182 
3 
200 
1.32 
2-4 
190 
1.83 
2-6 


2N7316 
FRM9140R,H 
170X200 
4 
100 
0.30 
2-4 
95 
0.44 
2-6 
2N7318 
FRM9240R,H 
170X200 
4 
200 
0.72 
2-4 
190 
1.00 
2-6 


2N7317 
FRS9140R,H 
170 X 200 
4 
100 
0.315 
2-4 
95 
0.46 
2-6 
2N7319 
FRS9240R, H 
170 X 200 
4 
200 
0.735 
2-4 
190 
1.02 
2-6 


2N7322 
FRK9150R,H 
258X 264 
5 
100 
0.125 
2-4 
95 
0.18 
2-6 
2N7324 
FRM9250R,H 
258X 264 
5 
200 
0.30 
2-4 
190 
0.42 
2-6 


2N7323 
FRF9150R, H 
258X264 
5 
100 
0.14 
2-4 
95 
0.20 
2-6 
2N7325 
FRF9250R, H 
258X264 
5 
200 
0.315 
2-4 
190 
0.44 
2-6 


2N7328 
FRK9160R,H 
266X366 
6 
100 
0.085 
2-4 
95 
0.12 
2-6 
2N7330 
FRK9260R,H 
266X366 
6 
200 
0.20 
2-4 
190 
0.28 
2-6 
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mHARRIS 
HGTG30N 120£2 


N-Channel 
Enhancement-Mode 


Insulated 
Gate Bipolar Transistor 
(IGBT) 


.50 
Amp 1200 Volt 


• Latch Free Operation 


• Typical Fall Time - 580ns 


• High Input Impedance 


• Low Conduction 
Loss 


Description 


The HGTG30N120E2* is a MOS gated high voltage switching device 
combining the best features of MOSFETs and bipolar transistors. The 
device has the high input impedance of a MOSFET and the low on-state 
conduction loss of a bipolar transistor. The much lower on-state voltage 
drop varies only moderately between +250C and +1500C. 


The IGBTsare ideal for many high voltage switching applications operating 
at moderate frequencies where low conduction losses are essential, such 
as: AC and DC motor controls, power supplies and drivers for solenoids, 
. relays and contactors. 


*Formerly DevelopmentalType #49010 


Coliector-EmilterVoltage 
...........................•................. 
BVCES 
Collector-Gate Voltage, RGE =1 MO .................•.................. 
VCGR 
Collector Current Continuous 


@TC = +250C 
..................................•................... 
IC25 


@Vge=15V 
@TC= +900C .....................•................... 
IC90 
Collector Current PUlsed(l) ..................•..•.•...................... 
ICM 
Gate-EmilterVoltage 
Continuous 
VGES 
Gate-EmilterVoltage 
Pulsed ..........•.............•.................. 
VGEM 
Switching Safe Operating Area 


@TJ=+1500C 
......................................•............. 
SSOA 
Power Dissipation Total ...................•.............•................ 
PD 


@TC = +250C 
. 


Derating TC > +250C 
. 
Operating and Storage Junction Temperature Range 
TJ, TSTG 


Maximum lead Temperature for Soldering .................•................ 
Tl 


Short Circuit Withstand Time(2) ...........................•................ 
tsc 


@Vge=15V 
..................................•....•..................... 


@Vge=10V •......................................................•...... 


(1) Repetitive Rating: Pulse width limited by maximum junction temperature. 


(2) VCE(pk) = 720V. TC = 12SoC. RGE = 2sn 


Terminal Diagram 
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HGTG30N120E2 
UNITS 


1200 
V 
1200 
V 


50 
A 
30 
A 
200 
A 
±20 
V 
±30 
V 


en 


200A @0.8 BVCES 
•... 
(.) 
::;)c 


208 
W 
0a: 


1.67 
W/oC 
a.. 


-55to 
+150 
°C 
== 
°C 


w 
260 
:; 
wa: 


6 
~S 
a.. 


15 
~S 


4,364,073 
4,417,385 
4,430,792 
4,443,931 
4,466,176 
4,516,143 
4,532,534 
4,567,641 
4,587,713 
4,598,461 
4,605,948 
4,618,872 
4,620,211 
4,631,564 
4,639,754 
4,639,762 
4,641,162 
4,644,637 
4,682,195 
4,684,413 
4,694,313 
4,717,679 
4,743,952 
4,783.690 
4,794,432 
4,801,986 
4,803,533 
4,809,045 
4,809,047 
4,810,665 
4,823,176 
4,837,606 


4,860,080 
4,883,767 
4,888,627 
4,890,143 
4,901,127 
4,904,609 
4,933,740 
4,963,951 
4,969,027 


LIMITS 


CHARACTERISTICS 
SYMBOL 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNIT 


Collector-Emitter 
BVCES 
IC = 250~A. VGE = OV 
1200 
- 
- 
V 
Breakdown Voltage 


Collector-Em itter 
ICES 
VCE= BVCES 
TC=+250C 
- 
- 
1.0 
mA 
Leakage Current 
VCE = 0.8 BVCES 
TC=+1250C 
- 
- 
4.0 
mA 


Collector-Emitter 
VCE(SAT) 
IC=IC90. 
TC= +250C 
- 
3.0 
3.5 
V 
saturation Voltage 
VGE=15V 
TC = +1250C 
- 
3.2 
3.5 
V 


IC=IC90' 
TC =+250C 
- 
3.2 
3.8 
V 
VGE=10V 
TC=+1250C 
- 
3.4 
3.8 
V 


Gate-Emitter 
VGE(TH) 
IC=1mA 
TC= +250C 
3.0 
4.5 
6.0 
V 
Threshold Voltage 
VCE=VGE 


Gate-Emitter 
IGES 
VGE=±20V 
- 
- 
±500 
nA 
Leakage Current 


Gate-Emitter 
VGE(pl) 
IC = IC90' VCE = 0.5 BVCES 
- 
7.3 
- 
V 
Plateau Voltage 


On-State 
QG(on) 
IC=IC90' 
VGE=15V 
- 
185 
240 
nC 
Gate Charge 
VCE = 0.5 BVCES 
VGE =20V 
- 
240 
315 
nC 


Current Turn-on 
td(on)i 
L = 50~H, IC = IC90, Rg = 250, 
- 
100 
- 
ns 
Delay Time 
VGE = 15V, TJ = +1250C 


Current Rise Time 
tri 
VCE = 0.8 BVCES 
- 
150 
ns 


Current Turn-off 
Id(off)i 
- 
760 
990 
ns 
DelayTime 


Current Fall Time 
tli 
- 
580 
750 
ns 


Turn-off Energy(1) 
Woff 
- 
8.4 
- 
mJ 


Current Turn-on 
td(on)i 
L = 50~H, IC = IC90. Rg = 250, 
- 
100 
- 
ns 
DelayTime 
VGE = 10V, TJ = +1250C 


Current Rise Time 
tri 
VCE = 0.8 BVCES 
- 
150 
- 
ns 


Current Turn-off 
Id(off)i 
- 
610 
790 
ns 
Delay Time 


Current Fall Time 
tli 
- 
580 
750 
ns 


Turn-off Energy(1 ) 
Woff 
- 
8.4 
- 
mJ 


Thermal Resistance 
RSJC 
- 
0.5 
0.6 
°CIW 


(1) Turn-off 
Energy Loss (WoH) 
is defined as the integral of the instantaneous power loss starting al the trailing edge of the input pulse and ending at the point 
wherethe collectorcurrentequalszero(ICE= OA).The HGTG30N120E2wastestedperJEDECstandardNo.24-1 Methodlor Measurementof Power 
Device Turn-off 
Switching Loss. This test method produces the true total Turn-off 
Energy Loss. 
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FIGURE 3. DC COLLECTOR CURRENT AS A FUNCTION OF 
FIGURE 4. FALL TIME AS A FUNCTION OF COLLECTOR- 
CASE TEMPERATURE 
EMITTER CURRENT. 
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FIGURE 5. CAPACITANCE AS A FUNCTION OF 
FIGURE 6. NORMALIZED SWITCHING WAVEFORMS AT 
COLLECTOR-EMITTER 
VOLTAGE 
CONSTANT GATE CURRENT. (REFER TO 
APPLICATION NOTES AN7254 AND AN7260.) 
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FIGURE 7. SATURATION VOLTAGE AS A FUNCTION OF 
I"lGURE 8. TURN-OFF SWITCHING LOSS AS A FUNCTION 
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FIGURE 
9. TURN-OFF 
DELAY AS A FUNCTION 
OF 
COLLECTOR-EMITTER 
CURRENT. 
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FIGURE 
10. 
OPERATING 
FREQUENCY 
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CURRENT 
AND 
VOLTAGE. 
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Operating Frequency Information 
Operating 
frequency 
information for 
a typical 
device 
(Figure 10) is presented as a guide for estimating device 
performance 
for 
a 
specific 
application. 
Other typical 
frequency vs collector current (ICE)plots are possible using 
the information shown for a typical unit in Figures 7, 8 and 
9. The operating frequency plot (Figure 10) of a typical 
device shows fmaxl or fmax2 whichever is smaller at each 
point. The information is based on measurements of a 
typical device and is bounded by the maximum rated 
junction temperature. 


fmaxl is defined by fmaxl = 0.05/tct(0ff)i.td(off)i deadtime 
(the denominator) has been arbitrarily held to 10% of the 
on-state time for a 50% duty factor. Other definitions are 
possible. td(off)i is defined as the time between the 90% 
point of the trailing edge of the input pulse and the point 
where the collector current falls to 90% of its maximum 
value. Device turn-oft delay can establish an additional 


frequency limiting condition for an application other than 
TJMAX. td(off)i is important when controlling output ripple 
under a lightly loaded condition. 


fmax2 is defined by fmax2 = (PO- PC)/Woft. The allowable 
dissipation (PO) is defined by Po = (TJMAX - TC)/RSJC. 
The sum of device switching and conduction losses must 
not exceed PO.A 50% duty factor was used (Figure 10)and 
the conduction losses (PC) are approximated by Pc = 
(VCE • ICE)/2. Woft is defined as the sum of the instanta- 
neous power loss starting at the trailing edge of the input 
pulse and ending at the point where the collector current 
equals zero (ICE = OA). 


The switching 
power 
loss (Figure 
10) is defined as 
fmax2 • Woft. Turn-on switching losses are not included 
because they can be greatly influenced by external circuit 
conditions and components. 


IRFR110 
IRFU110 


N-Channel Power MOSFETs 
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Features 


• 
4.7A,100V 


• 
rOS(ON) = 0.540 


• Single Pulse Avalanche 
Energy Rated 


• SOA Is Power-Dissipation 
Limited 


• Nanosecond 
Switching 
Speeds 


• Linear Transfer 
Characteristics 


• High Input Impedance 


• +17SOCOperating 
Temperature 
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TOPVIEW 
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TOPVIEW 
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SOURCE 


DR~~ 
DRAIN 


GATE 
Description 


The IRFR110 and IRFU110 are n-channel enhancement- 
mode silicon-gate 
power field-effect 
transistors 
designed, 


tested, and guaranteed 
to withstand 
a specified 
level of 
energy 
in the 
breakdown 
avalanche 
mode of operation. 


These advanced power MOSFETs are designed for use in 
applications such as switching regulators, switching convert- 
ers, motor drivers, relay drivers and drivers for high-power 
bipolar switching transistors 
requiring high speed and low 
gate-drive power. These transistors can be operated directly 
from integrated circuits. 


The IRFR110 is supplied in the JEDEC TO-251AA plastic 
package and the IRFU110 in the JEDEC TO-252M 
plastic 
package. 
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UNITS 
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Draln-5ourceVoltage(l) 
Vos 


Drain-GateVoltage 
VOGR 


ContinuousDrainCurrent 


Tc = +25°C 
10 


Tc = +l00oC 
10 
PulsedDrainCurrent(2) 
10M 
Gate-SourceVoltage 
VGS 
MaximumPowerDissipation 
Po 


Unear DeratingFactor 
. 


SinglePulseAvalancheRating(3) (See Fig. 14) 
Eas 
OperatingandStorageTemperature 
TJ, TSTG 
MaximumLeadTemperaturefor Soldering 
TL 
(0.063"(1.6mm)from case for 105) 


NOTES: 


1. TJ = +25°Cto +15O"C. 
2. Repetitiverating: Pulsewidth limitedby maximumjunctiontemperature.SeeTransientThermalImpedanceCurve.(Figure5) 
3. VOD = 25V, StartingTJ = +25°C, L = 1.3mH,RG = 250, PeakIL = 4.7A. 
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CAUTION: 
These 
d8llices 
are sens~ive 
to electrostatic 
discharge. 
Users should follow proper 
I.C. Handling 
Procedures. 
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LIMITS 


CHARACTERISTIC 
SYMBOL 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Drain-Source 
Breakdown Voltage 
BVoss 
10= 250llA, VGS= OV 
100 
- 
- 
V 


Gate Threshold Voltage 
VGS(TH) 
VGS= Vos, 10= 25011A 
2 
- 
4 
V 


Gate-Source 
Leakage Current 
IGSS 
VGs=±20V 
- 
- 
SOO 
nA 


Zero Gate Voltage Drain Current 
loss 
Vos = 100V, VGS= OV 
- 
- 
250 
IIA 


Vos = 80V, VGS= OV, TJ = +150oC 
- 
- 
1000 
IIA 


On-State Drain Current 
lD(oN) 
Vos> lD(oN)x rOS(ON)Max'VGS= 10V 
4.7 
- 
- 
A 


On Resistance 
(Note 1) 
rOS(ON) 
10= 3.3A, VGS= 10V 
- 
0.41 
0.54 
n 


Forward Transconductance 
(Note 1) 
9fs 
Vos = 2:SOV, los = 3.3A 
1.3 
2.0 
- 
S 


Input Capacitance 
C1SS 
VGS= OV, Vos = 25V, f = 1.0MHz 
180 
- 
pF 


Output Capacitance 
Coss 
See Figure 10 
- 
82 
- 
pF 


Reverse Transfer Capacitance 
CRSS 
- 
15 
- 
pF 


Turn-On Delay Time 
lcI(oN) 
Voo = SOV,10= 5.6A, ~ 
= 240, Ro = 9.10, See 
- 
7.6 
11 
ns 


Rise Time 
lr 
Figure 15 (MOSFET switching times are essen- 
- 
24 
36 
ns 
liaIly independent of operating temperature) 


Turn-Off Delay Time 
lcI(oFF) 
- 
14 
21 
ns 


Fall Time 
tf 
- 
14 
21 
ns 


Total Gate Charge 
Og 
VGS= 10V,Io = 5.6A, Vos = 0.8 x Max Rating. 
- 
5.2 
7.7 
nC 


Gate-Source 
Charge 
Ogs 
See Figure 16 (Gate charge is essentially inde- 
- 
1.5 
- 
nC 
pendent of operating temperabJre) 


Gate-Drain 
("Miller") Charge 
°gd 
- 
2.2 
nC 


Internal Drain Inductance 
Lo 
Measured from the 
Modified MOSFET 
- 
4.5 
- 
nH 
drain lead, 6mm 
symbol showing the 
(0.25·) from package 
internal device 
to center of die. 
inductances. 


Internal Source Inductance 
Ls 
Measured from the 


~ 


- 
7.5 
- 
nH 
source lead, 6mm 
(0.25·) from header 
and source bonding 
pad. 


Junction to Case 
Ra.Jc 
- 
- 
5.0 
°cm 


Case-to-Sink 
R9CS 
Mounting surface flat, smooth and greased 
- 
1.7 
°cm 


Junction to Ambient 
RaJA 
Free air operation 
- 
- 
110 
°cm 


Continuous 
Source Current 
Is 
Modified MOSFET 


~ 


- 
- 
4.7 
A 
(Body Diode) 
symbol showing the 


Pulse Source Current (Body Diode) 
ISM 
integral reverse P-N 


17 
A 
junction rectifier. 
- 
(Note 2) 


Diode Forward Voltage (Note 1) 
Vso 
TJ = +25°C, Is = 4.7A, VGS= OV 
- 
- 
2.5 
V 


Reverse Recovery Time 
lrr 
TJ = +25°C, Is = 5.6A, dl,ddt = 100AllJS 
46 
96 
200 
ns 


Reverse Recovery Charge 
ORR 
TJ = +25°C, Is = 5.6A, dlF/dt = 100AllJS 
0.17 
0.38 
0.83 
IlC 


Forward Turn-on Time 
ioN 
Intrinsic turn-on time is negligible. Turn-on speed is substantially 
controlled 
by Ls + Lo. 


NOTES: 1. Pulse Test: Pulse width" 
300lJS. 


Duty Cycle" 
2% 
2. Repetitive Rating: Pulse width limited by max. junction temperature. 


See Transient Thermal Impedance 
Curve (Figure 5). 
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LIMITS 


CHARACTERISTIC 
SYMBOL 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Drain-Source 
Breakdown Voltage 
BVoss 
10= 2501lA, VGS= OV 
250 
- 
. 
V 


Gate Threshold Voltage 
VGS(TH) 
VGS= Vos, 10= 2501lA 
2 
- 
4 
V 


Gate-Source 
Leakage Current 
'GSS 
VGS= ±20V 
- 
. 
500 
nA 


Zero Gate Voltage Drain Current 
loss 
Vos = 250V, VGS= OV 
- 
. 
250 
llA 


Vos = 200V, VGS= OV. TJ = +125°C 
- 
- 
1000 
llA 


On Resistance 
(Note 1) 
rOS(ON) 
10= 1.3A, VGS= 10V 
- 
1.6 
2.0 
n 


Forward Transconductance 
(Note 1) 
9fs 
Vos = 50V, los = 1.3A 
1.1 
- 
- 
S 


Input Capacitance 
C'SS 
VGS= OV, Vos = 25V. f = 1.0MHz 
- 
140 
- 
pF 


Output Capacitance 
Coss 
See Figure 10 
- 
42 
- 
pF 


Reverse Transfer Capacitance 
CRSS 
- 
9.6 
- 
pF 


Turn-On Delay Time 
!d(ON) 
Voo = 125V,Io =2.7A, Ra =240, Ro =4sn, See 
- 
7.0 
- 
ns 


Rise Time 
lr 
Figure 15 (MOSFET switching times are essen- 
- 
7.6 
- 
ns 
liaJlyIndependent of operating temperature) 


Turn-Off Delay Time 
!d(OFF) 
- 
16 
- 
ns 


Fall Time 
tf 
- 
7.0 
- 
ns 


Total Gate Charge 
Og10 
VGS= 10V, 10= 2.7A Vos = 0.8 x Max Rating. 
- 
- 
10 
nC 


Gate-Source 
Charge 
Ogs 
see Figure 16 for test circuit (Gate charge Is es- 
- 
- 
1.8 
nC 
sentially independent of operating temperature) 


Gate-Draln 
("Miller") Charge 
°gd 
- 
- 
5.5 
nC 


Intemal Drain Inductance 
Lo 
Measured from the 
Modified MOSFET 
- 
4.5 
- 
nH 
drain lead, 6mm 
symbol showing the 
(0.25") from package 
internal device 
to center of die. 
inductances. 


Intemal Source Inductance 
Ls 
Measured from the 


~ 


- 
7.5 
- 
nH 
source lead, 6mm 
(0.25") from header 
and source bonding 
pad. 


Junction to Case 
ReJC 
- 
- 
5.0 
°cm 


Case-to-Sink 
Recs 
Mounting surface flat, smooth and greased 
- 
1.7 
- 
°cm 


Junction to Ambient 
~A 
Free air operation 
- 
- 
110 
°cm 


Continuous 
Source Current 
Is 
Modified MOSFET 


~ 


- 
2.2 
A 
(Body Diode) 
symbol showing the 


Pulse Source Current (Body Diode) 
ISM 
Integral reverse P-N 
8.8 
A 
junction rectifier. 
- 
(Note 2) 


Diode Forward Voltage (Note 1) 
Vso 
TJ = +25°C. Iso = 2.2A, VGS= OV 
- 
- 
2.0 
V 


Reverse Recovery Time 
lrr 
TJ = +25°C, Iso = 2.7A, dlSl)"dt = 100Al!JS 
97 
- 
390 
ns 


Reverse Recovery Charge 
°RR 
TJ = +25°C. Iso = 2.7A, dlSl)"dt = 100Al!JS 
0.32 
- 
1.3 
I1C 


Forward Turn-on Time 
ioN 
Intrinsic turn-on time is negligible. Turn-on speed is SUbstantially controlled 
by Ls + Lo. 


NOTES: 1. Pulse Test: Pulse width S 300!JS. 
Duty Cycle s 2% 
2. Repetitive Rating: Pulse width limited by max. junction temperature. 


See Transient Thermal Impedance 
Curve (Figure 11). 
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HARRIS 
SEMICONDUCTOR 


• 2.0A,250V 


• 
rDS(ON) = 2.0n 


• Single Pulse Avalanche 
Energy Rated 


• SOA Is Power-Dissipation 
Limited 


• Nanosecond 
Switching 
Speeds 


• High Input Impedance 


• +150oC Operating 
Temperature 


Description 


The IRF614 (TA17443) is an n-channel enhancement-mode 
silicon-gate 
power field-effect 
transistor 
designed, 
tested, 


and guaranteed to withstand a specified level of energy in 
the 
breakdown 
avalanche 
mode 
of 
operation. 
These 
advanced 
power 
MOSFETs 
are 
designed 
for 
use 
in 
applications 
such 
as 
switching 
regulators, 
switching 
converters, motor drivers, relay drivers and drivers for high- 
power bipolar switching transistors requiring high speed and 
low gate-drive 
power. These transistors 
can be operated 
directly from integrated circuits. 


The IRF614 
is supplied 
in the JEDEC TO-220AB 
plastic 
package. 


IRF614 


N-Channel Power MOSFETs 


Avalanche Energy Rated 


DRAIN 
~ 
: 
SOURCE 
(FLAN~E) 
0 
:DRAIN 
L-.+ 
_:::======::0 
GATE 


Terminal 
Diagram 


N-CHANNEL 
ENHANCEMENT 
MODE 


Drain-Source 
Voltage (1) •.••..........••...•................................ 
Vos 


Drain-Gate Voltage •...••.•........•...................................•.... 
VOGR 


Continuous 
Drain Current 


Tc = +25°C .•••.••..•••..••..•..•.•.••.••...•...•....................... 
10 


Tc=+l00"C 
••••••••••..•..•.••.•..•.............................•...... 
10 


Pulsed Drain Current (2)................•....•.•..•.•.•........•............. 
10M 


Gate-8ource 
Voltage 
.............•..•.•..•.••.•.•..................•....... 
VGS 


Maximum Power Dissipation 
..........•..•••..•.•....•........•...•.•...••.•. 
Po 


Linear Derating Factor ••..................•.•••..•.•...............•...•.... 


Single Pulse Avalanche 
Rating (3) (See Fig. 14) ...............••.•............... 
Eas 


Operating and Storage Temperature 
••.••.•.••••..........•........••...•.•.•.. 
TJ, TSTG 


IRF614 


250 


2SO 


20 


0.16 


61 


·55 to +1SO 


UNITS 


V 


V 


A 


A 


A 


V 


W 


Wf'C 


Maximum Lead Temperature 
for Soldering 
....•••.•............................. 
TL 
300 
°C 
(0.063" (1.6mm) from case for 105) 


NOTES: 


1. TJ = +25°C to +1SOOC. 


2. Repetitive rating: 
Pulse width limited by maximum junction temperature. 
See Transient Thermal Impedance 
Curve. (Figure 5) 


3. Voo = SOV, Starting TJ = +25°C, L = 21 mH, RG = 250, 
Peak IL = 2.2A. 


CAUTION: 
These devices 
are sensitive 
to electrostatic 
discharge. 
Users should follow proper 
I.C. Handling 
Procedures. 


Copyright © Harris Corporation 
1992 


LIMITS 


CHARACTERISTIC 
SYMBOL 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Drain-Source 
Breakdown 
Voltage 
BVoss 
10= 2501lA. VGS = OV 
250 
- 
- 
V 


Gate Threshold 
Voltage 
VGS(TH) 
VGS = Vos• 10= 25011A 
2 
- 
4 
V 


Gate-Source 
leakage 
Current 
IGSS 
VGs=±20V 
- 
- 
500 
nA 


Zero Gate Voltage 
Drain Current 
loss 
Vos = 250V. VGS = OV 
- 
. 
250 
IIA 


Vos = 200V. 
VGS = OV. TJ = +125°C 
- 
- 
1000 
IIA 


On-State 
Draln Current 
ID(ON) 
VOS> 10(ON)x rOS(ON)Max'VGS = 10V 
2.0 
- 
- 
A 


On Resistance 
(Note 
1) 
rOS(ON) 
10= 1.0A. VGS = 10V 
- 
1.6 
2.0 
n 


Forward 
Transconductance 
(Note 
1) 
9fs 
Vos = 2 X VGS• IDS = 1.0A 
0.8 
1.2 
- 
S 


Input Capacitance 
C1SS 
VGS = OV. Vos = 25V. f = 1.0MHz 
. 
180 
. 
pF 


OUtput Capacitance 
Coss 
See Figure 
10 
- 
53 
- 
pF 


Reverse 
Transfer 
Capacitance 
CRSS 
- 
14 
- 
pF 


Turn-On 
Delay Time 
'd(ON) 
VOO= 125V.10 =2.0A. 
~ 
=240. 
Ro =610. 
See 
- 
8.9 
13 
ns 


Rise Time 
lr 
Figure 16 (MOSFET 
switching times are essen- 


12 
18 
ns 
tially independent 
of operating temperature) 


Turn-Off 
Delay Time 
'd(OFF) 
- 
18 
27 
ns 


Fall Time 
tf 
- 
8.9 
15 
ns 


Total Gate Charge 
Og10 
VGS = 10V.10 = 2.0A Vos = 0.8 x Max Rating. 
- 
9.6 
14.4 
nC 


Gate-Source 
Charge 
Ogs 
See Figure 17 for test circuit (Gate charge is es- 
- 
2.4 
3.6 
nC 
sentially independent 
of operating 
temperature) 


Gate-Drain 
('Miller") 
Charge 
°gd 
- 
4.5 
6.7 
nC 


Intemal 
Drain Inductance 
Lo 
Measured 
from the 
Modified 
MOSFET 
- 
4.5 
nH 
drain lead. 6mm 
symbol 
showing 
the 
(0.25') 
from package 
internal 
device 
to center 
of die. 
inductances. 


Intemal 
Source 
Inductance 
Ls 
Measured 
from the 


~ 


- 
7.5 
- 
nH 
source 
lead. 6mm 
(0.25") 
from header 
and source 
bonding 
pad. 


Junction 
to Case 
RBJC 
- 
- 
6.4 
°CIW 


Case-to-Sink 
Recs 
Mounting 
surface 
flat. smooth 
and greased 
- 
0.50 
- 
°CIW 


Junction 
to Ambient 
RBJA 
Free air operation 
- 
- 
80 
°CIW 


Continuous 
Source 
Current 
Is 
Modified 
MOSFET 


~ 


- 
- 
2.0 
A 
(Body Diode) 
symbol 
showing 
the 


Pulse Source 
Current 
(Body 
Diode) 
ISM 
integral 
reverse 
P-N 
8.0 
A 
junction 
rectifier. 
- 
- 
(Note 2) 


Diode Forward 
Voltage 
(Note 
1) 
Vso 
TJ = +25°C. 
Iso = 2.0A. VGS = OV 
- 
- 
2.0 
V 


Reverse 
Recovery 
Time 
lrr 
TJ = +25°C. 
Iso = 2.0A. dlsoldt 
= 100NIlS 
67 
. 
340 
ns 


Reverse 
Recovery 
Charge 
ORR 
TJ = +25°C. 
Iso = 2.0A. dlsoldt 
= 100NIlS 
0.24 
0.54 
1.2 
I1C 


Forward 
Turn-on 
Time 
ioN 
Intrinsic 
turn-on 
time is negligible. 
Turn-on 
speed 
is SUbstantially 
controlled 
by Ls + Lo. 


NOTES: 
1. Pulse Test: Pulse width,,; 
3OOIlS. 
Duty Cycle,,; 
2% 
2. Repetitive 
Rating: 
Pulse width 
limited 
by max. junction 
temperature. 


See Transient 
Thermal 
Impedance 
Curve 
(Figure 
5). 
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(II HARRIS 
RFA14N508E 


• 14A, 500V 


• RDS(ON): 
0.40 


• Fall Time = 5ns 


• Very Fast Turn-Off 
Characteristics 


• Nanosecond 
Switching 
Speeds 


• UIS SOA Rating 
Curve (Single 
Pulse) 


• SOA is Power-Dissipation 
Limited 


• Linear Transfer 
Characteristics 


• High Input 
Impedance 


• Majority 
Carrier 
Device 


• Electrostatic 
Discharge 
Protected 


Description 


The RFA 14N50BE is an n-channel 
fast switching 
MOSFET transistor that 
is designed 
for switching 
regulators, 
inverters 
and motor drivers. The 
RFA14N50BE 
is a monolithic structure incorporating 
a high voltage, high 
current 
MOSFET, 
a control 
MOSFET 
and 
Esd protection 
diodes. 
As 


indicated 
in the symbol to the right, the turn on of the main MOSFET is 
controlled by Gate 1 (G1). The control MOSFET, controlled by Gate 2 (G2), 
is distributed throughout the structure and provides a very low impedance 
and low inductive path to discharge the gate of the main MOSFET rapidly 
when very fast turn-off 
is desired. A separate return connection, 
Source 
Kelvin (Sk), is provided for the gate drive circuits to avoid voltage induced 
transients 
from the output circuits 
during switching. 
The RFA14N50BE 
MOSFET transistor can be operated directly from integrated circuits. 


The RFA14N50BE 
is supplied 
in the JEDEC 
MO-D93 
(5-lead) 
plastic 
package. 


N-Channel Enhancement-Mode 


Power Field-Effect Transistor 


Dr:cnsi 


1 - Gate 1 
2 - Gate 2 
3 - Drain 
4 - Source Kelvin 
5 - Source 


Terminal Diagram 


N-CHANNEL 
ENHANCEMENT 
MODE 


RFA14N50BE 


500 
14 
56 
+14,-0.3 
+14,-0.3 
2 
14 
760 
1.5 
50 
180 
1.4 
21 
0.17 
-55 to +175 


Drain-SourceVoltage 
VOSS 
DrainCurrent,Continuous 
10 
Pulsed 
10M 
Gate-SourceVoltage 
VGS 
Control FETGate-SourceVoltage 
VGS 
ElectrostaticDischargeRating,Mil-Std-883, Category8(2). . . . . . . . . . . . . . . .. ESD 
AvalancheCurrent 
IAR 
SinglePulseAvalancheRaUng 
EAS 
Control FETAvalancheCurrent. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. IAR 
ControlFETSinglePulseAvalancheRating 
EAS 
PowerDissipation,aITC = +250C 
Po 
DeraUngTc> +250C 
. 
Control FETPowerDissipation,aITC = 25°C 
Po 
DeratedTC> +250C 
. 
OperatingandStorageJunctionTemperatureRange 
Tj,TSTG 


UNITS 


V 
A 
A 
V 
V 
KV 
A 
mJ 
A 
mJ 
W 
WfOC 
W 
W/oC 
°C 


LIMITS 


PARAMETERS 
SYMBOL 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Orain-Source 
Breakdown Voltage 
BVOSS 
10= 250~A, VGS = OV 
500 
- 
- 
V 


Gate Threshold Voltage 
VGS(TH) 
VGS = VOS,IO = 250~A 
2 
- 
4 
V 


Zero Gate Voltage Orain Current 
lOSS 
VOS = 500V, VGS = OV 
- 
- 
250 
~A 


aITC=+1250C 
- 
- 
1000 
~A 


Gate-Source Leakage Current 
IGSS 
VGS=±12V 
- 
- 
1 
~ 


VGS=-0.3V 
- 
- 
-1 
~A 


On Resistance 
, 
ROS(ON) 
10 = 14.0A. VGS = 10V 
- 
- 
0.4 
0 


Total Gate Charge 
. 
QG 
VOS = 400V,I0 
= 14A 
- 
- 
135 
nC 


Gate Charge at5V 
QG(5) 
RL = 28.60, VGS = 0-1 OV 
- 
- 
75 
nC 


Threshold Gate Charge 
QG(TH) 
- 
5.0 
nC 


SWITCHING CHARACTERISTICS 


Turn-On Time 
t(ON) 
VOO = 250V, 10= 14A 
- 
- 
75 
ns 


Turn-On OelayTime 
to(ON) 
RL = 17.90 
- 
14 
- 
ns 


RiseTime 
tr 
RGS1 = 6.250, RGS2 = 200 
- 
30 
- 
ns 


Turn-Off Oelay Time 
to(OFF) 
VGS1 =VGS2=+10V 
- 
15 
- 
ns 


Fall Time 
tf 
- 
5 
- 
ns 


Turn-Off Time 
~OFF) 
- 
- 
50 
ns 


SOURCE-ORAIN 
OIOOE CHARACTERISTICS 


Continuous Source Current 
IS 
- 
- 
14 
A 


Pulsed Source Current 
ISM 
- 
- 
56 
A 


Forward Voltage 
VSO 
IS= 14A, VGS =OV 
- 
- 
1.4 
V 


Reverse Recovery Time 
TRR 
IF=4A, 
VGS =OV 
- 
- 
750 
ns 


CONTROL GATE CHARACTERISTICS 


Static Orain-to-Source 
ROS(ON) 
VGS= 
10V,10= 
1.0A 
- 
2.2 
- 
0 


Orain-Source 
Breakdown Voltage 
BVOSS 
10 = 1.0mA, VGS = OV 
14 
15 
- 
V 


Gate Threshold Voltage 
VGS(TH) 
VOS = VGS,'O = 250~A 
3 
- 
5 
V 


Total Gate Charge 
QG 
VGS = 10V, 10= 1.0A 
- 
- 
5 
nC 


THERMAL RESISTANCE 


Junction-to-Case 
R6JC 
- 
- 
- 
0.70 
°C/W 


Junction to Ambient 
R6JA 
- 
- 
- 
40 
°C/W 


t(ON) 


to(ON) 
10% 


t(OFF) 


to(OFF) 


+= VOO 


(II HARRIS 


Features 


• 3A, 80V 


• RDS(on) = 0.80n 


• Design Optimized for 5 Volt Gate Drive 


• Can be Driven Directly 
From Q-MOS, N-MOS, or TTL 
Circuits 


• SOA is Power-Dissipation 
Limited 


• 1750C Rated Junction 
Temperature 


• Logic Level Gate 


• High Input Impedance 


Description 


The RFD3N08L is an n-channel enhancement mode silicon 
gate power field effect transistor specifically designed for use 
with logic level (5 volt) driving sources in applications such as 
programmable controllers, automotive switching, and solonoid 
drivers. This performance is accomplished through a special 
gate oxide design which provides full rated conduction at gate 
biases in the 3-5 volt range, thereby facilitating true on-off 
power control from logic circuit supply voltages. 


The RFD3N08L is supplied in the JEDEC TO-251 
plastic 
package and the RFD3N08LSM is supplied in the JEDECTO- 
252 plastic package. 


RFD3N08L. 


RFD3N08L.SM 
N-Channel 
Logic Level 


Power Field Effect Transistors 


SOURCE 


DRAIN 


GATE 


Terminal Diagram 


N-CHANNEL 
ENHANCEMENT MODE 
o 


Absolute 
Maximum 
Ratings 
(TC = +250C), Unless Otherwise Specified 


Drain-Source 
Voltage, VDSS ...............................................................•...................•......... 
BOV 


Drain-Gate 
Voltage, (RGS = 1mO), VDGR .....••.........•.••...•....................•......•.................•.•......... 
BOV 


Gate-Source 
Voltage, VGS 
...................•............•........•.................................•......•......... 
±10V 


Drain Current 


RMS Continuous, 
ID .....................................•......••...•....•.•.....••....•........•..................... 
3A 


Pulsed, to M ......•...........••.....••.•........•........................•......•.........................••.......... 
7A 


Power Dissipation, 
PD: 


TC = +250C 
.............................................................•........................•................. 
30W 


Derate Above TC = +250C 
••....••.......••.................•....................•..........•..................• 
O.20W/oC 


Operating 
and Storage Junction Temperature 
Range, TJ, TSTG 
.................................................•.. 
-55 to +1750C 


LIMITS 


CHARACTERISTICS 
SYMBOLS 
TEST CONDITIONS 
MIN 
MAX. 
UNITS 


Drain-Source 
Breakdown Voltage 
BVOSS 
10= lmA, VGS=OV 
80 
- 
V 


Gate Threshold Voltage 
VGSlthl 
VGS = VOS, 10= 250~A 
1 
2.5 
V 


Zero Gate Voltage Drain Current 
lOSS 
VOS=70V 
- 
1 
~A 


VOS=70V@TC=1250C 
- 
50 
~A 


Gate-Source leakage Current 
, 
IGSS 
VGS = ± 10V, VOS = OV 
- 
100 
nA 


Drain-Source on Voltage 
VOS(on) 
10=1.5A,VGS=5V 
- 
1.2 
n 


10=3A,VGS=5V 
- 
2.5 
V 


On Resistance 
ROSlon) 
10=1.5A,VGS=5V 
- 
0.8 
n 


Total Gate Charge 
°oftotall 
VGS=Ot010V 
VOO=48V 
- 
8 
nC 


Gate Charge at 5V 
°0(5) 
VGS=Ot05V 
10=2A 
- 
5 
nC 


Threshold Gate Charge 
T 
Oolth) 
VGS=Oto1V 
Rl=24n 
- 
1 
nC 


Plateau Voltage 
V(olateaul 
10=3A, VOS = 15V 
- 
4.5 
V 


Turn-On OelayTime 
to(on) 
VOO = 40V,I0 = 1A 
- 
20 
ns 


Rise Time 
tR 
RG = 6.25V, VGS = 5V 
- 
130 
ns 


Turn-Off OelayTime 
to(offl 
- 
40 
ns 


Fall Time 
tF 
- 
160 
ns 


Thermal Resistance, Junction to Case 
ROJC 
- 
5 
°C/W 


LIMITS 


CHARACTERISTICS 
SYMBOLS 
TEST CONDITIONS 
MIN 
MAX. 
UNITS 


Forward Voltage 
VSO 
ISO=1A 
- 
1.4 
V 


Reverse Recovery Time 
trr 
If = 2A, dif/dt = 1OOA/~s 
- 
150(typ.) 
ns 


:!I HARRIS 


• 4A, 60V 


• RDS(on) = 0.60n 


• Design Optimized 
for 5 Volt Gate Drive 


• Can be Driven Directly 
From a-MOS, 
N-MOS, or TTL 
Circuits 


• SOA is Power-Dissipation 
Limited 


• 1750C Rated Junction 
Temperature 


• Logic Level Gate 


• High Input Impedance 


The RFD4N06L is an n-channel enhancement mode silicon 
gate power field effect transistor specifically designed for use 
with logic level (5 volt) driving sources in applications such as 
programmable controllers, automotive switching, and solonoid 
drivers. This performance is accomplished through a special 
gate oxide design which provides full rated conduction at gate 
biases in the 3-5 volt range, thereby facilitating true on-off 
power control from logic circuit supply voltages. 


The RFD4N06L is supplied in the JEDEC TO-251 
plastic 
package and the RFD4N06LSM is supplied in the JEDEC TO- 
252 plastic package. 


RFD4N061. 
RFD4N061.SM 
N-Channel 
Logic Level 
Power Field Effect Transistors 


n--~ ;SOURCE 
D~~~-GLJ~::u=~ -:=_-:=_-:=_-::_~~:~~ 


TO-252AA 
TOPVIEW 
[0; 


SOURCE 


D~~~_ 
DRAIN 


GATE 


Terminal Diagram 


N-CHANNEL 
ENHANCEMENT MODE 
D 


Absolute 
Maximum 
Ratings 
(TC = +250C), Unless Otherwise Specified 


Drain-SourceVoltage,VDSS' 
60V 


Drain-GateVoltage,VDSS 
60V 


Gate-SourceVoltage,VGS 
±10V 


DrainCurrent 


RMSContinuous,lD..............................................•.................................................... 
4A 


Pulsed,IDM 
10A 


PowerDissipation,Po: 


TC = +250C 
30W 
OerateAboveTc= +250C 
O.20WfOC 


OperatingandStorageJunctionTemperatureRange,TJ,TSTG 
-55 to +1750C 


LIMITS 


CHARACTERISTICS 
SYMBOLS 
TEST CONDITIONS 
MIN 
MAX. 
UNITS 


Drain-Source 
Breakdown Voltage 
BVDSS 
ID=1mA,VGS=OV 
60 
- 
V 


Gate Threshold Voltage 
VGS(th) 
VGS = VOS, 10= 250~A 
1 
2.5 
V 


Zero Gate Voltage Drain Current 
lOSS 
VOS=50V 
- 
1 
~A 


VOS= 50V@TC=1250C 
- 
50 
~ 


Gate-Source Leakage Current 
IGSS 
VGS = ± 10V, VOS =OV 
- 
100 
nA 


Drain-Source on Voltage 
VOS(on) 
'0=1A,VGS=5V 
- 
0.8 
V 


10= 2A, VGS=5V 
- 
2.0 
V 


10= 4A, VGS = 7.5V 
- 
4.0 
V 


On Resistance 
ROSlon) 
10= 1A, VGS= 5V 
- 
0.6 
0 


Total Gate Charge 
Oq(total) 
VGS = Oto 10V 
VOO=48V 
- 
8 
nC 


Gate Charge at 5V 
Og(5) 
VGS =Oto 5V 
10=2A 
- 
5 
nC 


Threshold Gate Charge 
Oalthl 
VGS =Oto 
1V 
RL=240 
- 
1 
nC 


Plateau Voltage 
Vlolateau) 
10= 4A, VOS = 15V 
- 
4.5 
V 


Turn-On Delay Time 
to(on) 
VOO =30V,10 
= 1A 
- 
20 
ns 


RiseTime 
tR 
RG = 6.25V, VGS = 5V 
- 
130 
ns 


Turn-Off Delay Time 
to(off) 
- 
40 
ns 


Fall Time 
tF 
- 
160 
ns 


Thermal Resistance, Junction to Case 
ROJC 
- 
5 
°C/W 


LIMITS 


CHARACTERISTICS 
SYMBOLS 
TEST CONDITIONS 
MIN 
MAX. 
UNITS 


Forward Voltage 
VSO 
ISO=1A 
- 
1.4 
V 


Reverse Recovery Time 
trr 
If = 2A, dif/dt = 1OON~s 
- 
150(typ.) 
ns 


Em HARRIS 
RFP15N081. 


Features 


• 15A, 80V 


• RDS(ON): 0.140 


• Design Optimized for 5 Volt Gate Drive 


• Can be Driven Directly from a-MOS, N-MOS, TTL Circuits 


• SOA is Power-Dissipation 
Limited 


• +1750C Rated Junction Temperature 


• Logic Level Gate 


• High Input Impedance 


Description 


The RFP15N08L is an n-channel enhancementmode silicon gate power 
field effect transistor specifically designed for use with logic level (5 volt) 
driving 
sources in applications such as programmable controllers, 
automotive switching, 
and 
solonoid 
drivers. This 
performance is 
accomplished through a special gate oxide design which provides full 
rated conduction at gate biases in the 3-5 volt range,thereby facilitating 
true on-off power control from logic circuit supply voltages. 


N-Channel 
Logic Level 


Power Field-Effect 
Transistor 


DRAIN~ 
(FLANGE)- 
- -: 
SOURCE 
o 
--- 
DRAIN 
L... 
- 
-- 
GATE 


Terminal Diagram 


N-CHANNEL 
ENHANCEMENT 
MODE 
o 


Drain-Source 
Voltage 
VDSS 
Drain-Gate 
Voltage 
VDGR 
Gate-Source 
Voltage 
....•..................•..........•............... 
VGS 
Drain Current, RMS Continuous 
.•.....................•..•..........•..•.• 
ID 
Pulsed 
IDM 
Power Dissipation 
Total @ TC = +250C 
.....................•.............. 
PD 
Power Dissipation 
Derating TC = +250C 
. 
Operating 
and Storage Junction Temperature 
Range .....•.............. 
Tj, TSTG 


RFP15N08L 


80 
80 
±10 
15 
40 
72 
0.48 
-55to 
+175 


UNITS 


V 
V 
V 


A 


A 
W 
W/oC 
°C 


LIMITS 


PARAMETERS 
SYMBOL 
TEST CONDITIONS 
MIN 
MAX 
UNITS 


Drain-Source Breakdown Voltage 
BVDSS 
IO=1mA 
VGS=OV 
eo 
- 
V 


Gale Threshold Voltage 
VGS(TH) 
VGS=VOS 
IO=1mA 
1 
2.5 
V 


Zero Gale Vollage Orain Currenl 
lOSS 
VOS=65V 
- 
1 
IU\ 


VOS=65V 
aITC=+125OC 
- 
50 
IU\ 


Gale-Source Leakage Currenl 
IGSS 
VGS = ±10V 
VOS=OV 
- 
100 
nA 


Orain-Source On Voltage 
VOS(ON) 
IO=7.5A 
VGS=5V 
- 
1.05 
V 


IO=15A 
VGS= 5V 
- 
3.0 
V 


On Resistance 
ROS(ON) 
IO=7.5A 
VGS=5V 
- 
0.14 
0 


Tolal Gale Charge 
QG(TOTAL) 
VGS=0-10V 
VOO =64V 
- 
80 
nC 


Gale Charge al 5V 
QG(5) 
VGS=0-5V 
IO=15A 
- 
45 
nC 


Threshold Gale Charge 
QG(TH) 
VGS=O-1V 
RL=4.270 
- 
3 
nC 


Plaleau Voltage 
V(PLATEAU) 
IO=15A 
VOS=15V 
- 
4.5 
V 


Turn-On OelayTime 


_. 


lO(ON) 
VOO=40V 
IO=7.5A 
40 
- 
ns 


Rise Time 
tr 
RG = 6.250 
VGS=5V 
- 
325 
ns 


Turn-Off Oelay Time 
lO(OFF) 
- 
325 
ns 


FallTime 
If 
, 
- 
325 
ns 


Thermal Resistance Junction 10 Case 
RBJC 
- 
- 
2.083 
OCtw 


LIMITS 


PARAMETERS 
SYMBOL 
TEST CON OITIONS 
MIN 
MAX 
UNITS 


Forward Voltage 
VSO 
ISO = 7.5A 
- 
1.4 
V 


Reverse Recovery Time 
TRR 
IF = 4A, dif/dl = 1OOa/~s 
- 
225(Iyp) 
ns 


HARRIS 
SEMICONDUCTOR 


• 70A,60V 


• 
rOS(on) = 0.0140 


• UIS Rating Curve (Single Pulse) 


• SOA is Power-Dissipation 
Limited 


• Nanosecond 
Switching 
Speeds 


• Linear Transfer 
Characteristics 


• High Input Impedance 


• +17SoC Operating 
Temperature 


• Temperature 
Compensated 
SPICE Model Provided 


Description 


The RFG70N06 and RFP70N06 N-Channel power MOSFETs are 
manufactured 
using the MegaFET process. This process, which 
uses feature sizes approaching 
those of LSI integrated circuits 
gives 
optimum 
utilization 
of 
silicon, 
resulting 
in outstanding 
performance. They were designed for use in applications such as 
switching 
regulators. 
switching 
converters, 
motor drivers. 
relay 
drivers 
and 
emitter 
switches 
for 
bipolar 
transistors. 
These 
transistors can be operated directly from integrated circuits. 


the RFG70N06 is supplied in the JEDEC TO-247 plastic package 
and the RFP70N06 is supplied in the JEDEC TO-220AB plastic 
package. 


RFG70N06 
RFP70N06 
N-Channel Enhancement-Mode 
Power Field-Effect Transistors 


DRAIN (1) ~ 
SOURCE 
(FLAN~E) 
0 
~ 
DRAIN 
L-., 
_=======~GATE 


TO-247 
TOP VIEW 


Drain Source Voltage .•......•............•...................... 
Voss 
Drain Gate Voltage 
VOGR 
Gate Source Voltage ...•........................................ 
VGS 
Drain Current 


RMS Continuous 
.....................•.................•.•..... 
10 
Pulsed Drain Current 
.........................•..........•...... 
10M 
Single Pulse Avalanche 
Rating ......•.................•.....•...... 
EAS 
Power Dissipation 
Tc = +25°C 
Po 
Derate above +25°C .......•.•.....•...............•............ 
Pr 
Operating and Storage Temperature 
....................•........ 
TSTG,T; 


RFG70N06,RFP70N06 


60 
60 
±20 


UNITS 


V 
V 
V 


70 
180 
Refer to UIS Curve 


150 
1.0 


-55 to +175 


W 
W?C 
°c 


CAUTION: 
These devices 
are sensitive 
to alectrostatic 
discharge. 
Users should follow proper 
I.C. Handling 
Procedures. 


Copyright © Harris Corporation 
1992 


UMITS 


CHARACTERISTIC 
SYMBOL 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Drain-Source 
Breakdown Voltage 
BVoss 
10= 0.25mA, Vas = OV 
60 
- 
- 
V 


Gate Threshold Voltage 
VaS(th) 
Vas = Vos, 10= 0.25mA 
2 
· 
4 
V 


Zero Gate Voltage Drain Current 
loss 
Vos= 
6OV, 
Tc=+25°C 
- 
- 
1 
I1A 


Vas=OV 
Tc=+lSOOC 
· 
· 
50 
I1A 


Gate-Source 
Leakage Current 
lass 
Vas=±20V 
- 
- 
100 
nA 


On Resistance 
roS(on) 
10= 70A, Vas = 10V 
- 
· 
14 
mn 


Turn-On Time 
~on) 
Voo = 30V, 10= 70A 
- 
- 
125 
ns 
Rl = 0.430, 
Vas = +10V 
12 
Turn-On Delay Time 
,«on) 
Ras=2.50 
- 
· 
ns 


Rise Time 
tr 
- 
50 
· 
ns 


Turn-Off Delay Time 
'«oItl 
· 
40 
· 
ns 


Fall Time 
t, 
- 
15 
· 
ns 


Turn-Off Time 
~oItl 
- 
- 
125 
ns 


Total Gate Charge 
~IOI) 
Vas = OV to 20V 
Voo =48V, 
· 
185 
215 
nC 


~10) 
10=70A, 
nC 
Gate Charge at 10V 
Vas = OVto 10V 
Rl=O.680 
· 
100 
115 


Threshold Gate Charge 
Qg(th) 
VGs=OVt02V 
· 
5.5 
6.5 
nC 


Plateau Voltage 
V(pIoIoeU) 
10= 70A, Vos = 15V 
- 
- 
7.5 
V 


Input Capacitance 
Ciao 
Vos = 25V, VGS= OV 
· 
3000 
· 
pF 
f= 
lMHz 
Output Capacitance 
Co•• 
- 
900 
- 
pF 


Reverse Transfer Capacitance 
C••• 
300 
- 
pF 


Turn-Off Energy Loss per Cycle 
Eoff 
Voo = 3OV, 10= 70A, 
- 
- 
1.0 
mJ 
L = 0.211lH, Rl = 0.430 
VGS= 10V, Ras = 2.50 


Thermal Resistance Junction to Case 
ReJc 
- 
- 
1.0 
°CIW 


Thermal Resistance 
Diode 
RaJA 
- 
- 
80 
°CIW 
Junction to Ambient 


UMITS 


CHARACTERISTIC 
SYMBOL 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


FOfWard Voltage 
Vso 
Iso = 70A 
· 
- 
1.5 
V 


Reverse Recovery Time 
'" 


Iso = 70A, dlsoldt = l00AlIlS 
- 
- 
125 
ns 
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FIGURE 11. NORMALIZED 
SWITCHING 
WAVEFORMS 
FOR 
FIGURE 12. RESISTIVE 
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GATE CURRENT. 
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APPLICATION 
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VGS 
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SUBCKT TA49007 2 1 3 ; 
"Nom Temp:25 
deg C 


Ca 12 8 5.56&-9 
Cb 15 145.3039-9 
Cin 6 8 2.639-9 


Dbody 7 5 DBDMOD 
Dplcap 10 5 DPLCAPMOD 
Dbreak 5 11 DBKMOD 


Ebreak 11 7 17 1865.1 
Eds148581 
Egs 13 8 6 81 
Esg610681 
Evt02061881 


Lgate 1 9 3.1 Oe-9 
Ldrain 2 5 1e-9 
Lsource 3 7 1.82e-9 


Mosl 
16688 
MOSMOD 
M=O.99 
Mos2 1621 88 MOSMOD M=O.Ol 


Rbreak 17 18 RBKMOD 
1 
Rdrain 516 
RDSMOD 4.6593e-3 
Rgate 9 20 1.21 
Rin681e9 
Rsource 8 7 RDSMOD 1.822e-3 
Rvto 18 19 RVTOMOD 
1 


Sla612138S1AMOD 
Slb 
1312138 
SlBMOD 
S2a 6151413 
S2AMOD 
S2b 13151413 
S2BMOD 


.MODEL SlAMOD 
VSWITCH 
(RON=l e-5 ROFF=O.l 
VON=-4.90 VOFF=-2.90) 


.MODEL SlBMOD 
VSWITCH 
(RON=le-5 
ROFF=O.l 
VON=-2.90 VOFF=-4.90) 


.MODEL S2AMOD VSWITCH 
(RON=l e-5 ROFF=O.l 
VON=-3.20 VOFF=4.80) 


.MODEL S2BMOD VSWITCH 
(RON=le-5 
ROFF=O.l 
VON=4.80 VOFF=-3.20) 


.MODEL DBDMOD D (IS=l.ll 
e-12 RS=2.91 e-3 TRS1=3.26e-3 
TRS2=-5.07e-6 
CJO=3.12e-9 
TT=6.18e-8) 


.MODEL DBKMOD D (RS=9.46e-2 
TRSl =8.47e-4 TRS2=-1.31 e-6) 


.MODEL DPLCAPMOD 
D (CJO=1.92e-9IS=1e-30 
N=10) 


.MODEL MOSMOD NMOS (VTO=3.674 
KP=38.507 
IS=l e-30 N=l 0 TOX=l 
L=l u W=l u) 


.MODEL RBKMOD RES (TC1=9.55e-4 
TC2=5.9ge-8) 
.MODEL RDSMOD RES (TC1=5.01e-3 
TC2=2.37e-5) 
.MODEL RVTOMOD 
RES (TC1=-3.71e-3 
TC2=-6.01e-7) 


Note: 
For further discussion 
of the PSPICE model consult A New PSPICE Sub-circuit 
for the power 
MOSFet Featuring 
Global 
Temperature 
Options; 
authored by William J. Hepp and C. Frank Wheatley. 
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Features 


• Chip 
Encapsulated 
In a 5-Lead 
Plastic 
TO-220 
Style Package (VERSA-VI) 


• Output Short Circuit 
Protection 


• Thermal 
Overload 
Protection 


• Solenoid 
Inductive 
"Kick" 
Protection 
with 
Internal-Clamp 
Diodes 


• Output 
Sink and Source Capacity 
of 600mA 
Minimum 
Overtemperature 


• Horizontal 
and 
Vertical 
Mounting 
Packages 
Available 


• Separate 
Sink Circuit 
and Source 
Circuit, 
Each 
Individually 
Controlled 


Applications 


• latching 
Solenoid 
Driver (Single and MUltiple) 


• Non-latching 
Solenoid 
Driver 


• Relay Driver 


• Lamp Controller 


• Lamp Driver 


• Motor Controller 
(Forward 
and Reverse) 


• Stepper Motor Controller 


• On-Off Logic Controllers 
(TTL Logic) 


• Intermediate 
Power Driver 


• Triac, SCR, and Transistor 
Drivers 


CA3169 


Solenoid 
and Motor Driver 
(1/2 H Driver) 


Description 


The CA3169 ia a monolithic integrated circuit capable of driving 
lamps and other devices that can be changed between two states 
(on or off). Transistors, SCR's, and triacs are some of the solid 
state devices that can be controlled by the CA3169. This device 
can also control relays. solenoids (latching or nonlatching), motors 
(DC - forward and reverse) and DC stepping motors. 


The CA3169 contains a separate source driver circuit with internal 
current limiting protection and a separate sink driver circuit. The 
sink driver contains 
an energy absorbing 
diode to protect the 
device against any inductive "kick" during 
state changes. 
The 
CA3169 is protected against overvoltage conditions on the output 
drivers and overtemperature conditions (thermal-shutdown 
protec- 
tion). 


The input operating levels are TTL compatible. The source and 
sink outputs are in their off condition (non-conducting) 
when their 
respective inputs are in a HI state, or open-circuited. 
The outputs 
are in their on state (conducting) when their respective inputs are 
LO. The VERSA-VI package is available with two lead configura- 
tions. 
The 
CA3169 
has a vertical-mount 
lead form, 
and the 
CA3169M has a horizontal-mount lead form. 


PART NUMBER 
TEMPERATURE 
PACKAGE 


CA33169 
-400C to +85°C 
5 Lead Plastic SIP 
Staggered Vertical 


CA33169M 
-400C to +85°C 
5 Lead Plastic SIP 
Surface Mount 


5 PIN PLASTIC 
TO-220 SIP 
TOP VIEW 


02 
3AMAX 
SURGE 


•••••• 
01 


~, 
2.5AMAX 
SURGE 
•••• 
J 


CAUTION: 
These devices 
are sensitive 
to electrostatic 
discharge. 
Users should follow proper 
I.C. Handling 
Procedures. 
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Absolute 
Maximum 
Ratings 


Supply Voltage (Pin 1 to GND) 
Positive ......•..........................•.•... 
41VDC 
Negative 
..••..........•...............•.•.•... 
1.4V DC 
Sink Current 
.•.•............•..........••.•....... 
1.9A 
Source Current ........• 
Controlled 
by Internal Current Limiting 
Input Voltage: 


Sink Input (Pin 4 to GND) 
17V 
Source Input (Pin 5 to GND) ..........•.••...•........ 
17V 
Maximum Forward Current - Diode 01 .•..•..............• 
2.5A 
Maximum Forward Current - Diode 02 
3A 


CAUTION: 
Stresses 
ebcwe those listed in ·Absolute 
Maximum 
Retings· 
may cause permanant 
damage 
to the davica. 
This is a stress 
only rating and operation 


01 tha device at these or eny other conditions 
ebove those indicated 
in the operational 
sections 
01 this specilication 
is not implied. 


Power Dissipation, 
Po at T.••= 90"C 
.•................... 
15W 
Thermal Resistance, Junction to Case: 
..•..•........... 
4°Crw 


Junction Temperature 
..........••..•............. 
+l50°C 


Operating Temperature 
•.........•.......... 
-4O"C to +85°C 


Storage Temperature .........•............ 
-55°C to +l50oC 


Lead Temperature (During Soldering): 
At Distance 1/16 ± 1/32 in. (1.59 ± 0.79mm) 
from case for 10s max ...........•..•............. 
+265°C 


PARAMETER 
SYMBOL 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNIT 


Output Leakage Current, Pin 2 
Inputs Open Vcc = 4V to 18V 
-110 
±O.5 
110 
IJA 


See Figure5 
Source and Sink Loads = 200 


Output Leakage Current, Pin 3 
Inputs Open Vcc = 4V to 18V 
-110 
±O.5 
110 


See Figure 5 
Source and Sink Loads = 200 


Thermal Resistance 
9Jc 
- 
3 
4 
°crw 


Quiescent Current, Pin 1 
Device "ON" Input Terminals 
- 
70 
100 
mA 


See Figure 4 
Shorted, Vcc = 14V 


Quiescent Current, Pin 1 
Device "OFF" Input Terminals 
17 
40 


See Figure 3 
Open, Vcc = 14V 


Thermal Shutdown Temperature 
Rl = Short Circuit 
128 
140 
162 
°C 


Overvoltage 
Shutdown -Circuit 
Rl = 200 
20 
25 
27 
V 
Upper Trip Point, Pin 1 Voltage 
See Figure7 


Overvoltage 
Shutdown - Circuit 
Rl=2oo 
18 
21.4 
23 


Lower Trip Point, Pin 1 Voltage 
See Figure 7 


Input Logic 
Levels; 
Source Input· 
Pin 5, Sink Input· 
Pin 4 


Input Low Threshold 
V1l 
Vcc = 14V (See Note 1) 
- 
0.4 
0.8 
V 
Sink or Source 


Input High Threshold 
V1H 
Vcc = 14V (See Note 2) 
1.9 
2.4 
- 


Sink or Source 


Input Low Current 
ILL 
VIN~0.4V 
-0.9 
-0.3 
- 
mA 
Sink or Source 


Input High Current 
IIH 
V1N~ 5.5V 
-110 
-23 
110 
IJA 
Sink or Source 


Output Voltage, Pin 2 
Vas 
Referenced to Vcc with 
- 
1 
1.6 
V 
See Figure 6 
ISOURCE= 600mA, See Note 3 


Short-Circuit 
Current Limit, 
0.65 
1.11 
2.6 
A 
Pin 2 to Ground 


Tum-On 
Delay to Output-On, 
Cl = l00pF, 
RL = 330 
- 
0.45 
5.6 
~ 
Pin2 


Turn-Off Delay to Output-Off, 
Cl = l00pF, 
RL = 330 
- 
5 
55 
~ 
Pin2 


Sink Outputs 


Output Saturation 
Voltage 
V3 
IS1NK= 600mA VIN ~ 0.4V 
- 
0.3 
0.85 
V 
See Figure 9 
See Note 3 


Output Saturation 
Voltage 
V3 
ISINK= 1000mA VIN ~ O.4V 
- 
0.8 
1.65 


See Figure 9 
See Note 3 


PARAMETER 
SYMBOL 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNIT 


Turn-On Delay to Output-On 
TON 
CL = 100pF, RL = 330 to VCC 
- 
0.45 
5.6 
lIS 
Pin 3 


Turn-Off Delay to Output-Off 
TOFF 
CL = 100pF, RL = 330 to VCC 
- 
0.95 
25 
Pin 3 


NOTES: 


1. ISOURCEor 'SINK" 600mA, Vas " 1.5V, VSlNK" 0.75V. 


2. 'SOURCEor ISINK'" 100j1A, VSOURCE= GND, for VSINK200 to Vcc. 


3. Measured over temperature 
range of -40"C to +85°C. 


TRUTH TABLE 
FOR SOLENOID 
DRIVER 
TTL Logic 
Conditions: 
0 '" VL '" 0.8, 1.9 " VH '" 5.5 


INPUT A 
INPUTB 
OUTPUT A 
OUTPUTB 
SOURCE 
IN 
SINK IN 
SOURCE OUT 
SINK OUT 


VL 
VL 
HIGH (ON) 
LOW (ON) 


VL 
VH 
HIGH (ON) 
(OFF) 


VH 
VL 
(OFF) 
LOW (ON) 


VH 
VH 
(OFF) 
(OFF) 


5 


SOURCE 
ENABLE 


CONSTANT 
CURRENT 
SOURCE 


FIGURE 2. DEl AILED SCHEMATIC 
OF THE OUTPUT CIRCUIT 
FOR CA3169. 
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FIGURE 6. OUTPUT SOURCE VOLTAGE 
(REFERENCED 
TO 
VCC). 
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PROCEDURE 


1. Measure V12. 


2. Increase Vcc until V12 ~ 2V. 


3. Measure Vcc; this voltage is the high trip point. Pin 2 should be 
off; i.e., pin 3 should be high. 


4. Observe and measure the voltage at pin 3. 


5. Decrease Vcc until pin 3 sWitches, i.e., ,,;1av. The supply voltage 
will be the low trip point voltage. 


FIGURE 7. OVERVOLTAGE 
PROTECTION. 


When Vcc is turned on, IIN should be equal to or greater than 1A. 
Thermal 
shutdown 
will operate 
properly 
if the input current 
drops 
below 0.5A (0.3A typ.) in 10 to 15 seconds. 
Cover the unit during 
this test in the event that the thermal 
shutdown 
is not operating 
properly. 
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200 
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3 
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INPUT A 
(SOURCE) 


INPUTB 
(SINK) 


When input A goes low, lamp A will light. 
When input B goes low, lamp B will light. 


FIGURE 10. LAMP DRIVER. 


INPUT A 
(SOURCE) 


INPUTB 
(SINK) 


Relay A will close when in input A goes low. Relay B will close when 
input B goes low. Both relays will close when both inputs go low. 


FIGURE 12. RELAY DRIVER. 


INPUT A 
(SOURCE) 


INPUT 
B 
(SINK) 


2 
5 


3 
4 


INPUT 
INPUT 
211. 
111. 


(SOURCE 
(SINK 
IN A) 
IN A) 


INPUT 
INPUT 
2B 
1B 
(SOURCE 
(SINK 
IN B) 
IN B) 


When 
opposing 
inputs 
go low, the motor 
will switch 
direction; 
if 


source input A and sink input B both go low, current will flow from A 
to B. If source input B and sink input A both go low, current will flow 
from BtoA. 


FIGURE 13. MOTOR DRIVER OR LATCHING 
SOLENOID 
DRIVER. 
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CA3242 


Quad-Gated Inverting Power Driver For 
Interfacing Low-Level Logic to High Current Load 


o Driven 
Outputs 
Capable 
of 
Switching 
600mA 
Load 
Currents 
Without 
Spurious 
Changes 
In Output 
State 


o Inputs Compatible 
with TTL or 5 Volt CMOS logic 


o Suitable for Resistive 
or Inductive 
Loads 


o Output Overload 
Protection 


o Power-Frame 
Construction 
for Good Heat Dissipation 


o Relays 


o Solenoids 


o AC and DC Motors 


o Heaters 


o Incandescent 
Displays 


o Vacuum Ruorescent 
Displays 


TEMPERATURE 
PART NUMBER 
RANGE 
PACKAGE 


CA3242E 
-40"C to +1OSoC 
16 Lead Plastic 01P 


Description 


The CA3242 quad-gated inverting power driver contains four 
gate switches for interfacing low-level logic to inductive and 
resistive 
loads 
such 
as: 
relays, 
solenoids. 
AC 
and 
DC 
motors, heaters. incandescent displays. and vacuum fluores- 
cent displays. 


Output overload protection is provided when the load current 
(approximately 
1.2A) causes 
the output 
VCE(sat) to rise 
above 1.3V. A built-in time delay, nominally 2511S.is provided 
during output turn-on as output drops from Voo to VSAT' That 
output will be shut down by its protection network without 
affecting 
the other 
outputs. 
The 
corresponding 
Input or 
Enable must be toggled to reset the output protection circuit. 


Steering diodes in the outputs in conjunction 
with external 
zener diodes protect the IC against voltage transients due to 
switching inductive loads. 


To allow for maximum heat transfer from the chip, the two 
center leads are directly connected to the die mounting pad. 
In free air, junction-to-air 
thermal resistance (RaJA) is 500CI 
W (typical). This coefficient can be lowered to 400CIW (typi- 
cal) by suitable design of the PC board to which the CA3242 
is soldered. 


16 LEAD DUAL-IN-L1NE 
PLASTIC 
PACKAGE 
(E SUFFIX) 
TOP VIEW 


CAUTION: 
These devices 
are sensitive 
to electrostatic 
discharge. 
Users should 
follow proper 
I.C. Handling 
Procedures. 
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Absolute 
Information 
(TA = +25°C) Unless Otherwise Specified 


Logic Supply Voltage, Vcc 
7V 
Ambient Temperature Range 
Logic Input Voltage, VIN 
15V 
Operating 
-40°C to +105°C 
Output Voltage, VCEX 
50Voc 
Storage 
-55°Cto+1OO0C 
Output Sustaining 
Voltage, VCESUS 
35Voc 
Maximum Junction Temperature, TJ 
+lOOoC 
Output Current, 10,.••..•.•.•..•.••..•.•..•.......... 
lAoc 
Maximum Thermal Resistance 
Power Dissipation, 
Po 
Junctlon-ta-Alr, 
9JA 
600CIW 
Up to 60°C 
1.5W 
Junction-ta-Case,9Jctopins4,5,12,13atseat 
12°CIW 
Above 60°C. . . . . . . . . . . . . . . . .. 
Derate Linearly at 16.6mWf'C 
Lead Temperature (During Soldering) 
Up to 90°C w/heat sink (PC Board) 
1.5W 
At distance 1/16' ± 1132' (1.59 ± 0.79mm) from 
Above 90°C w/heat sink (PC board) .. 
Derate Linearly at 25mWf'C 
case for 10s max 
+265°C 


CAUTION: 
Stresses abol'9 those listed in "Absolute 
Meximum 
Ratings" 
may cause permanant 
damage 
to the daviee. 
This is a stress only rating and operation 
01the device at these or any othar conditions 
abol'9 
thosa indieatad in the operational 
sactions 01this specification 
is not impliad. 


LIMITS 


PARAMETERS 
SYMBOL 
TEST CONDITIONS 


I 
MIN 
MAX 
UNITS 


Output Leakage Current 
IcEx 
VCE= 50V, VIN = 0.8V 
- 
100 
ItA 


Output Sustaining 
Voltage 
VCE(SUS) 
Ic = 100mA, VIN = 0.8V 
30 
- 
V 


Collector Emitter Saturation 
Voltage 
~ 


VCE(SAT) 
Ic = 100mA, VIN = 2.4V 
0.25 
V 


Ic = 400mA, VIN = 2.4V 
- 
0.6 
V 


Ic = 600mA, VIN = 2.4V 
- 
0.8 
V 


Input Low Voltage 
V1l 
- 
0.8 
V 


Input Low Current 
III 
VIN = 0.8V 
- 
±10 
IIA 


Input High Voltage 
VIH 
le= 600mA 
2 
V 


Input High Current 
IIH 
Ie = 700mA, VIN = 4.5V 
- 
10 
IIA 


Supply Current ON 
lee(oN) 
Ie = 700mA, Vee = VIH = 5.5V 
- 
80 
mA 


Supply Current OFF 
lee(OFF) 
5 
mA 


Clamp Diode Leakage Current 
IR 
VR=50V 
- 
100 
ItA 


Clamp Diode Forward Vo~age 
VF 
IF= lA 
- 
1.8 
V 


IF = 1.5A 
- 
2.5 
V 


Tum-On Delay 
!PHl 
20 
IlS 


Turn-Off Delay 
tplH 
- 
30 
IlS 


6c: 
:Jlm~ 


VI 
(') 
:J:mi: 
J>-t0 
0): 
l:) 
:Jl 
J> 
~ 
~ 
i: 
~ 
0 
~ 
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:J: 
~ 
m 
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FIGURE 4. TYPICAL 
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Features 


• Independent 
Over-Current 
Umltlng 
On Each Output 


• Independent Over-Temperature Umltlng On Each Output 


• Output 
Drivers Capable of Switching 
700mA Load 


• Inputs Compatible 
With TTL or SV CMOS Logic 


• Suitable 
For Resistive, 
Lamp or Inductive 
Loads 


• 
Power-Frame 
Construction 
For Good Heat Dissipation 


• Operational 
Temperature 
Ranges 
- CA3262A •••••••••••••••••••••• 
-40oC to +12SoC 


- CA3262 
...•.....••.....•......• 
-40°C to +8SoC 


Applications 


• Solenoid 


• Relay 


• 
Light 


• Steppers 


• Motors 


• 
Displays 


System Applications 


• Automotive 


• Appliance 


• Industrial 
Control 


• Robotics 


PART 
TEMPERATURE 
NUMBER 
RANGE 
PACKAGE 


CA3262E 
-40oC to +85°C 
16 Pin DIP 


CA3262AE 
-40°Cto +125°C 
16 Pin DIP 


CA3262AQ 
-40°C to +125°C 
28 Pin PLCC 


Description 


The CA3262 is used to interface Low-Level Logic to High 
Current 
Loads. 
Each 
Power 
Driver 
has 
four 
inverting 
switches consisting of a non-inverting logic input stage and 
an inverting low-side driver output stage. All input stages 
have a common enable input. Each output device has inde· 
pendent current limiting (IUM) and thermal limiting (TUM) for 
protection from over-load conditions. Steering diodes in the 
outputs are used in conjunction with external zener diodes to 
protect the IC against over-voltage transients due switching 
of inductive loads. To allow for maximum heat transfer from 
the chip, all ground pins on the DIP and PLCC package are 
directly connected to the mounting pad of the chip. 


The CA3262 can drive four incandescent lamp loads without 
modulating 
their 
brilliance 
when 
the 
"cold" 
lamps 
are 
energized. 


Outputs 
can 
be 
paralleled 
to 
drive 
large 
loads. 
The 
maximum output current is determined by the minimum limit 
for over-current limiting which is typically 1.2 Amps but may 
be as low as 0.7 Amps. 


The best choice for over-VOltage protection 
is to provide 
zener clamping diodes connected to the CLAMP pins with 
inductive loads. A typical zener diode voltage value for the 
CA3262 is 30 Volts or a value sufficient to guarantee that the 
CA3262 output does not exceed the sustaining voltage limit 
of 40 Volts when the zener diode is conducting. (Continued 
on 2-8) 


28 LEAD PLCC (0 SUFFIX) 
TOP VIEW 


CAUTION: 
These 
devices 
ara sansijive 
to electrostatic 
discharge. 
Users should follow proper 
I.C. Handling 
Procedures. 
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(18) 
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INO 
(16) 


8 
OUT 0 
(14) 
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INe 
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NOTES: 


1. Pins4, 5, 12, 13ground(PackageE) 
2. Pins5-11, 19-25ground(Package0) 


3. Pinnumbersin parenthesesapplyto the Plastic28 LeadedChip Carrier(PLCC) 


ENABLE 
IN 
OUT 


H 
5H 
L 


H 
L 
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L 
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Description 
(Continued) 


Over-VOltage protection 
mayor 
may-not 
be satisfied 
by 
connecting 
the CLAMP 
pin to a positive voltage equal or 
greater 
than 
the 
output 
load 
power 
supply. 
In 
many 
applications transient variations and non-tracking conditions 
may allow forward conduction through the steering diodes, 
further up-setting an unstable condition. 


Current-limiting is provided as protection for shorted or over- 
loaded output conditions. Voltage is sampled across a small 
metal resistor in the emitter of each output stage. When the 
voltage exceeds a preset comparator level, drive is reduced 
to the output. Current limiting is sustained unless thermal 
conditions exceed the preset thermal shutdown temperature 
of 155°C. 


any other output to a level greater than 155°C. High ambient 
temperature 
conditions 
may 
allow 
this 
to 
happen. 
The 
degree 
of interaction 
is minimized 
by separation 
of the 
output devices, each to a separate corner of the chip. The 
output stage does not oscillate when in the current limiting or 
thermal limiting mode. 


As noted, the thermal resistance of both the DIP and PLCC 
packages are improved by direct connection of the leads to 
the chip mounting pad. In free air, the junction-to-air thermal 
resistance, 
8JA is 50°CIW 
(typical) for the DIP package and 
40°CIW 
(typical) for the PLCC package. This coefficient can 
be lowered to 40°CIW 
and 30°CIW 
respectively by suitable 
design of the PC board to which the CA3262 is soldered. 


If an output 
is shorted, 
the remaining three 
outputs will 
continue 
to function 
normally 
unless the continued 
heat 
spreading is sufficient to raise the junction temperature at 


U>u> 
a:w 
w:I: 
~t.) 
a: ~ 
c- 
a: 3:: 
wU> 
3::c 
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Absolute 
Maximum Ratings 


Logic Supply Voltage, Vcc •....••.••..........••..•.... 
7.0V 
Logic Input Voltage, VIN ..........................•..•. 
15V 
OutpU1 Voltage, VCEx ....•..•.............•..•.•...... 
60V 
OutpU1 Sustaining Voltage, VCE(SUS)'....••.••.•.•........ 
40V 
OutpU1 Current, 10..............•..•.......•....•.••... 
lA 
Storage Temperature 
Range 
......•....•..... 
-65°C to +l50oC 
Operating Temperature 
Range: 
CA3262AE, 
CA3262AQ 
..•............... 
-40"C to +125°C 
CA3262E 
-400C to +85°C 
Thermal Resistance, 
9ja: 


CA3262AQ 
........•..............•..•........ 
43°C/W 
CA3262E, 
CA3262AE 
..............•........... 
600CrN 
Maximum Junction Temperature ..........•..•..•..... 
+l50oC 
Lead Temperature 
(Soldering 
108) .......•.•....•..... 
+2650C 


CAUTION: 
Stresses 
abO\lll 
those listed in "Absolute 
Maximum 
Ratings" 
may cause permanent 
damage 
to th6 device. 
This is a stress only rating and operation 
of the device at these or any other conditions 
abo\lll 
those indicated 
in th6 operational 
sections 
of this specification 
is not implied. 


Power Dissipation, Po: 
CA3262E, CA3262AE: 
Up to +6OoC (Free Air) .........••..•..•............ 
1.5W 
Above +6QOC:••.•.....•....•• 
Derate Linearly at 16.6mWt'C 
Up to +9O"C wlheat sink (PC Board): 
............•.... 
1.5W 
Above +90oC; 
wlheat sink (PC Board): •.•..•..•. 
Derate Linearly at 25mWt'C 
CA3262AQ: 
Up to +85OC (Free Air): .•.................•........ 
1.5W 
Above +85°C: .•••.............. 
Derate Linearly at 23mWt'C 
Up to +105°C with heat sink (PC Board): 
••............ 
1.5W 
Above +1050C; 
with heat sink (PC Board): •....... 
Derate Linearly at 33mWt'C 


Electrical 
Specifications 
At Vcc = 5.5V, TA = -400C to +125°C, CA3262A; TA = -40°C to +85°C for CA3262 


CA3262 
CA3262A 


PARAMETERS 
SYMBOL 
TEST CONDITIONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 


Output Leakage Current 
ICEX 
VCE= 60V, VENABLE= 0.8V 
100 
50 
I!A 


Output Sustaining 
Voltage 
VCE(SUS) Ic =40mA 
40 
40 
V 


Collector Emitter Saturation 
VCE(SAT) VIN = 2V, Vcc = 4.75V 
Voltage (See Figure 5) 
Ic= 
l00mA 
0.25 
0.15 
V 


Ic=200mA 
0.2 
V 


Ic=300mA 
0.25 
V 


Ic=400mA 
0.4 
0.3 
V 


Ic=500mA 
0.4 
V 


Ic=600mA 
0.6 
0.5 
V 


Ic = 700mA, TA = -40"C 
0.6 
0.5 
V 


InpU1Low Voltage 
VIL 
0.8 
0.8 
V 


InpU1High Voltage 
VIH 
2 
2 
V 


InpU1Low Current 
IlL 
VIN=0.8V 
10 
10 
I!A 


Input High Current 
IIH 
VIN = VENABLE= 5.5V, Ic = 600mA 
10 
10 
I!A 


Supply Current All Outputs ON 
IcC{oN) 
V1N= 2V, VENABLE= 5.5V, 
70 
55 
mA 
(See Figure 4) 
IOUTA= 10UTB= 10UTC= 10UTO= 250mA 


Supply Current All Outputs OFF 
loqOFF) 
VIN = OV 
10 
10 
mA 
(See Figure 4) 


Clamp Diode Leakage Current 
IR 
VR=50V 
100 
50 
I!A 


Clamp Diode Forward Voltage 
VF 
IF = lA, VIN = OV 
1.7 
1.7 
V 
(See Figure 7) 
IF = 1.5A, VIN = OV 
2.1 
2.1 
V 


Turn-On Delay (See Figure 6) 
lpHL' lpLH 
IOUT=500mA 
10 
10 
I!S 


Over Current Limiting (Note 1) 
IUM 
VOUT= 4.5V to 24.5V 
0.7 
1.8 
0.7 
1.8 
A 


DESIGN PARAMETER 


Over Temperature 
Limiting 
TUM 
155 
155 
°C 
(Junction Temperature) 
, 


NOTE: 


1. With voltage on the collector of the output transistor as indicated (VOUT= 4.5V to 24.5V) and with that output transistor turned on, the 
current will increase to a limiting value which will be a value of 0.7 A, minimum. That output will shortly thereafter 
(approx. 5rns) go into 
over-temperature 
limiting. (Excessive dissipation during thermal limiting may damage the chip.) 
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TILOR 
CMOS 
LOGIC 
LEVEL 
INPUTS 
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FIGURE 2. QUAD-GATED 
INVERTING 
POWER DRIVER (QDR) SCHEMATIC 
WITH TYPICAL 
LOAD-DRIVE 
APPLICATIONS 
SHOWN. (SEE FIGURE 3) 
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FIGURE 
3. QUAD-GATED 
INVERTING 
POWER DRIVER (QDR) 
OUTPUT EQUIVALENT 
CIRCUIT 
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FIGURE 4. TYPICAL 
SUPPLY CURRENT (PIN 11) 
CHARACTERISTICS 


1...00-"-" 
I 
~"", 


~_+50% 
50% 


8,10 
15 16 
I 
I 
(16) (17~ (27) (28)--ltPHL~-- 
--tpUl-- 


VOUT 
_ 
(OFF) 


1, 3{6, 8 
50% 
+::::"" 
(2) (4) 12)(14) 
(ON) 
50% 


Itr 


, 


-40 
-20 
0 
20 
40 
60 
80 
100 
120 
140 


AMBIENT 
TEMPERATURE 
(TAl- 
°c 


FIGURE 6. TYPICAL PROPAGATION 
DELA YTIME 
CHARACTERISTICS 
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FIGURE 5. TYPICAL COLLECTOR- TO-EMITTER SATURA· 
TlON 
VOLTAGE 
CHARACTERISTICS 
IN 
QUA~ATED 
INVERTING 
POWER 
DRIVER 
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FIGURE 7. TYPICAL 
CLAMP·DIODE 
FORWARD 
VOLTAGE 
CHARACTERISTICS 


1 • CA3262E, CA3262AE WIO HEAT SINK 
2· 
CA3262E, CA3262AE 
WITH PC BOARD HEAT SINK 
3 - CA3262AQ WIO HEAT SINK 
4 - CA3262AQ 
WITH PC BOARD HEAT SINK 
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FIGURE 8. PACKAGE 
DISSIPATION 
RATING CHART 


HARRIS 
SEMICONDUCTOR 


• Independent 
Over-Current 
Umiting 
on Each Output 


• Independent 
Over-Temperature 
Shutdown 
With 
Hys- 


teresis 
on Each Output 


• Capable of Switching 
600mA Load Currents 


• Inputs Compatible 
With TTL or 5 Volt CMOS Logic 


• Suitable 
For Resistive 
or Inductive 
Loads 


• Power-Frame 
Construction 
for Good Heat Dissipation 


• 
Fault Mode Output 
Flag 


• Operating 
Temperature 
Range .•.•.• 
""OoC to +1250C 


Applications 


• Solenoid 


• Relay 


• Light 


• Steppers 


• Motors 


• Displays 


System Applications 


• Automotive 


• Appliance 


• Industrial 
Control 


• Robotics 


TEMPERATURE 
PART NUMBER 
RANGE 
PACKAGE 


CA3272 
-4Q°C to +12SoC 
28 Lead PLCC 


CA3272 


Quad-Gated Inverting Power Driver With 
Fault Mode Diagnostic Flag Output 


Description 


The CA3272 quad-power NAND driver contains four NAND- 
gate switches for interlacing low-level logic to inductive and 
resistive 
loads 
such 
as: relays, 
solenoids, 
AC 
and 
DC 
motors, heaters, incandescent 
displays, and vacuum fluo- 
rescent displays. 


To allow for maximum heat transfer from the chip, all ground 
leads are directly connected to the die substrate and to the 
ground bond pads. In free air, junction-to-air 
thermal resis- 
tance (RaJA) is 400CIW (typical). 


This 
coefficient 
can be 
lowered 
to 300CIW 
(typical) 
by 
suitable design of the PC board to which the CA3272 
is 
soldered. 


The individual outputs are protected with over-current limit- 
ing (IL1M) and over-temperature 
(TL1M) shutdown. 
Anyone 
output that faults (see Fault Logic Table) will switch Pin 1 to a 
constant current pulldown. 


If an output load is shorted, 
the remaining three outputs 
function normally unless the junction temperature 
(typically 
+16S°C) 
of those outputs is exceeded. 
The output stage 
does not change state (oscillate) when in the current limit 
mode. 


All inputs and enable have internal pulldowns to turn "off" the 
outputs when inputs are floating. 


The CA3272 can drive four incandescent lamp loads without 
modulating their brilliance when "cold" lamps are energized. 
Outputs can be "ganged" to drive large loads. 


The CA3272 is supplied in a plastic 28 leaded chip carrier, 
PLCC (0 suffix). 


PLASTIC 
28 LEADED CHIP CARRIER 
(PLCC) 
(QSUFFIX) 
TOP VIEW 


CAUTION: 
These dllllices 
are sensnive 
to electrostatic 
discharge. 
Usars should follow proper 
I.C. Handling 
Procedures. 


Copyright © Harris Corporation 
1992 
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IN 
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L 
L 
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H 
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Absolute 
Maximum Ratings 
(TA = +25"C) Unless Otherwise Specified 


Logic Supply Voltage, Vcc .....•.•..........•..•..•••... 
7V 
Ambient Temperature 
Range 
Logic Input Voltage, VIN ...••.•........••.•..•........• 
15V 
Operating •..•.••...............••....... 
-400C to +125°C 
Outpu1 Voltage, VCEX ............••.•..•........ 
-12, +50Voc 
Storage 
.•..•......•.•.•.••..•........•. 
-55°C to +lOOoC 
Outpu1 Sustaining 
Voltage, VCE(SUS).......•..•..•...... 
40VDC 
Maximum Junction Temperature, TJ .•......•.......... 
+lOOoC 


Outpu1 Current, 10, ......•..•.............•..•...... 
1.6ADC 
Maximum Thermal Resistance 
Power Dissipation, 
PD 
Junction-to-Air, 
9JA•....••.•••••.•............•••. 
43°CIW 
Up to 85°C .......•.•.••••••........•.••.••.•...... 
1.5W 
Lead Temperature (During Soldering) 
Above 85°C 
.......•..•.••.•..... 
Derate Linearly at 23mWf'C 
At distance 1/16 ± 1/32" (1.59 ± 0.79mm) from 
Up to 105°C w/Heat Sink (PC Board) ••..........•••.•..• 
1.5W 
case for 105 rnax •.•........•..••••••...•........ 
+265°C 
Above 105°C wlHeat Sink (PC Board). .. 
Derate Linearly at 33mWf'e 


CAUTION: Stresses 
abo\lll 
those listed in "Absolute 
Meximum 
Retings" 
mey cause permanent 
damege 
to the davice. 
This is a stress 
only rating and operation 
of the device at these or any other conditions 
abOllll those indicated 
in the operational 
sections 
of this specification 
is not implied. 


LIMITS 


PARAMETERS 
SYMBOL 
TEST CONDITIONS 
MIN 
MAX 
UNITS 


Output Leakage Current 
ICEX 
VCE = OOV,VENABLE= 0.8V 
- 
100 
IlA 


Output Sustaining Vo~age 
VCE(SUS) 
Ic=40mA 
40 
V 


Collector Emitter Saturation 
Voltage 
VCE(SAT) 
Ic = 4oomA, VIN = 2V, Vcc = 4.75V, TA = +125°C 
- 
0.4 
V 


Ic = 500mA, VIN = 2V, Vcc = 4.75V, TA = +25°C 
- 
0.5 
V 


Ic = 600mA, VIN = 2V, Vcc = 4.75V, TA = -40°C 
- 
0.6 
V 


Input Low Voltage 
VIL 
0.8 
V 


Input Low Current 
IlL 
VIN = 0.8V 
10 
60 
!LA 


Input High Voltage 
V1H 
2 
- 
V 


Input High Current 
IIH 
V1N= 5.5V, VENABLE= 5.5V 
10 
60 
IlA 


Supply Current ON (All Outputs ON) 
ICC(ON) 
10unA, B, C, D) = 2OOmA, VIN = 2V 
- 
60 
mA 


VENABLE= 5.5V 


Supply Current OFF 
Icc(oFF) 
V1N=OV 
10 
mA 
(All Outputs OFF) 


Turn-On Delay 
IpHL, tpLH 
- 
10 
!IS 


Over Current Limiting· 
. 


VOUT= 4.5V to 24.5V, RdMin) 
= 40 
0.7 
1.6 
A 
(For Each Output) 


Fau~ Output 
10L 
ILOAD= 301lA 
40 
80 
!LA 


10H 
- 
2 
!LA 


VOL 
0.4 
V 


Output Sense Thresholds 
VHT 
Input = 2V Min 
I' 
3 
5.5 
V 


VLT 
Input = 0.8V Max 
3 
5.5 
V 


DESIGN PARAMETER 
r 


Over Temperature 
Limiting 
165 (Typical) 
°C 
(Junction Temperature) 


~~ 
~~ 
0:1- 
~§: 
••• cn 
:s:C 


• With vo~age on the collector of the outpultransistor 
as indicated (VOUT= 4.5V to 24.5V) and with that output transistor turned on, the current 
~ 
::i! 


will increase to a limiting value which will be a value of 0.7 A minimum. That output will shortly (~5rns) thereafter go into over temperature 
shutdown. 
(Excessive dissipation 
during thermal shutdown may damage the chip.) 


CMOS 
OR 
TIL 
LOGIC 
LEVEL 
INPUTS 


Vcc 
1:_- 
+V 
18- 
1....0', 


OUT 0 


14 
RELAY 


• INPUT AND ENABLE 
PULLDOWN 
SOURCES 
FORCE 
OUTPUT 
TURN-oFF 
FOR 
UNTERMINATED 
INPUTS. 


FIGURE 2. QUAD-GATED 
INVERTING 
POWER DRIVER 
(QDR) SCHEMATIC 
WITH TYPICAL 
LOAD-DRIVE 
APPLICATIONS 
SHOWN (SEE FIGURE 3) 


FAULT FROM 


OTHER 
CHANNELS 
,..-A...-.. 


VCC 


REXT 


FAULT 
270K 


THERMAL 


SHUTDOWN 
~ 
WITH 
~ 


HYSTERESIS 
~ 


} 


ENABLE 


TO OTHER 


CHANNELS 
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O.02n 
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FIGURE 3. QUAD-GATED 
INVERTING 
POWER DRIVER (QDR) OUTPUT EQUIVALENT 
CIRCUIT. THE FAULT 
OUTPUT REQUIRES A PULL·UP LOAD SUCH AS AN EXTERNAL 
RESISTOR (REXT). 
A CAPACITOR, 
CEXT SHOULD 
BE USED TO SUPPRESS 
SWITCHING 
SPIKES 


• 
Equivalent 
High Pass p-n-p Transistor 


• Current 
Umltlng 
...••••••••••••..•.•.. 
O.6A to 1.2A 


• Over-Voltage 
Shutdown ••••••••••••••• 
+25V to -40V 


• Junction 
Temperature 
Thermal 
Umlt ...•.•••• 
+150oC 


• Equivalent 
beta of 25 •••••••••••.•..••. 
400mAlO.5V 


• Internal 
Bandgap 
Voltage and Current 
Reference 


• Fuel Pump Driver 


• Relay Driver 


• Solenoid 
Driver 


• Stepper Motor Driver 


• Remote Power Switch 


• Logic Control 
Switch 


CA3273 


Description 


The CA3273 is a power IC equivalent of a p-n-p pass tran- 
sistor operated as a high-side-driver current switch in either 
the saturated 
(ON) or cutoff 
(OFF) modes. The CA3273 


incorporates circuitry to protect the pass currents, excessive 
input voltage, and thermal overstress. The high-side driver is 
intended for general 
purpose, 
automotive 
and potentially 


high-stress applications. 
If high-stress conditions exist, the 
use of an external zener diode of 35 volts or less between 
supply and load terminals may be required to prevent dam- 
age due to severe conditions (such as load dump, reverse 
battery and positive or negative transients). The CA3273 is 
designed to withstand a nominal reverse-battery 
(VBAT = 


13V) condition without permanent 
damage to the IC. The 


CA3273 
is supplied 
in a modified 
3-lead TO-202 
plastic 


power package. 


(3) VOIJT 
(2)Vsw 
(l)Vce 


PART 
TEMPERATURE 
PACKAGE 
& 
NUMBER 
RANGE 
LEAD FORM 


CA3273 
-4Q°C to +85OC 
TO-202 MODIFIED 


............................................................................ 


OUTPUTPASS 
Ice 
Rs 
TRANSISTOR 
10 
: Vo 


PIN 2 
Vsw-I- 


CAUTION: 
These d8llices 
ere S8ns~ive to electrostatic 
discharge. 
Users should follow proper 
I.C. Handling 
Procedures. 
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Absolute 
Maximum 
Ratings 


Fault Max, Vcc (Limited Icc, -40 to +85°C) 
...•...... 
25V to 40V 
Operating Vcc (RL= 400,-40 
to+85°C) 
.....•............ 
16V 
Operating Vcc (RL = 400, -40 to +25°C) 
24V 
Vo (Output) Inductive Pulse Rating (-40 to +85°C), 
VswOpen 
...........•.•....................... 
Vcc+ 
12V 
Operating Icc (-40 to +85°C) 
..................•........ 
1.2A 
10(-40 to +85°C) 
400mA 
10(-40 to +25°C) ................•............•..... 
600mA 
Dissipation, Po at +25°C Ambient (Notel) 
............•... 
1.8W 
Derate Above +25°C (No Heat Sink) •.............. 
14.3mWf'C 


Thermal 
Resistance, Junction to Ambient. 
+70oCIW 
Junction Temperature (Note 2) ...••.•................ 
+l50oC 
Ambient Temperature 
Range: 


Operating Temperature 
Range 
...........•... 
-4Q0C to +85°C 
Storage Temperature Range ..••.••..•........ 
-40oC to +150°C 
Lead Temperature (During Soldering): 


At distance 1/16± 1/32 in. (1.59 ± 0.79 mm) 
Irom case for 12smax ..........•...•............. 
+260oC 


NOTES: 


1. Po = (Vcc- 
Vol X 10+ Vcc x 'SlY>TJ = TA + Po x (apJ 


2. Thermal limiting (shutdown) 
occurs at +150°C on the chip. 


LIMITS 


PARAMETER 
SYMBOL 
TEST CONDITIONS 
MIN 
TVP 
MAX 
UNITS 


Operating Voltage Range 
Vcc 
Vcc Reference toVsw 
4 
24 
V 


Sat. Voltage(Vcc 
- Vol: 
VSAT 
'0 = -400 mA, Vsw = OV 
- 
0.5 
V 
Vcc= 
16V 


Operating Load 
RL 
Vcc= 
16Vt024V 
40 
- 
- 
W 


Overvolt, THO 
VCC(THO) 
Vsw = OV, RL = lkn 
25 
40 
V 
(Increase Vccl 
(Vo goes Low) 


Current Limiting 
10(lllA) 
Vcc = 16V, Vsw = lV 
- 
- 
1.2 
Amp 


Control Current, Switch ON: 
Vcc = 16V,Vsw =OV 


Isw (no load) 
10=OmA 
- 
-15 
- 
mA 


Isw (max. load1) 
10=-400mA 
- 
-22 
- 
mA 


Control Current, Switch ON: 
Vcc = 24V, 10= -600mA 
- 
-33 
- 
mA 


Isw (max. load2) 
Vsw=OV 


Max. Control Current: 
RL = 40Q, Vsw = 1V 


High Vcc: 
ISW(HIvcC) 
Vcc = 24V 
-50 
- 
- 
mA 


Low Vcc: 
ISW(LOVCC) 
Vcc=7V 
-50 
- 
- 
mA 


Output Current Cutoff: 
Vo = OV, Vcc = 16V 


10(SWOFF1) 
Vsw= 
16V 
-10 
+100 
).LA 


10(SWOFF2) 
Vsw= 
15V 
-100 
+100 
).LA 


Control Current, Switch OFF: 
Vo = Open 


No Load: 
ISW(HIVCC) 
Vcc = 24V, Vsw = 23V 
-200 
- 
+50 
).LA 


Isw(LOVCC) 
Vcc = 7V, Vsw = 6V 
-200 
- 
+50 
).LA 


OUTPUT 
PASS 
TRANSISTOR 
Vo 
OUTPUT 
PIN 3 


OUTPUT 
DEVICE 
BASE 
DEVICE 
CONTROL 
CIRCUIT 


Vaw 
PIN 2 
CONTROL 
INPUT 


~VE 


~ 


) 
~ 
SOL+D 


::;;-::;;J RELAY 


) 
"fYY' 
+ 


FIGURE 2. TYPICAL 
APPLICATION 
WITH ZENER DIODE 
(s Vcc+12V) 
FOR INDUCTIVE 
SWITCHING 
PULSE 
OVER-VOLTAGE 
PROTECTION 
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• Drive-Current 
Limiting 
at Output 


• Current·sense 
Buffer and Reference 


• 200mA Driver Current 
Capability 


• Logic-Level 
Control 
Input 


• Current 
Umltlng 
Flag Output 


• SOdB Minimum 
PsRR 


• Slls Typical 
Switch Time 


• Separate Signal and Power Grounds 


• Solenoid 
Switch 
Driver 


• Relay Driver 


• Lamp Control 
Switch 


• Ignition 
Coil Pre-Driver 


• Constant 
Current 
Driver 


• Current 
Umlting 
Switch 


• Fault Output 
Sense Appliance 


• Power Supply 
Fault Mode Control 


TEMPERATURE 
PART NUMBER 
RANGE 
PACKAGE 


CA3274E 
-40oC to +85°C 
8 LeadPlasticDIP 


CA3274 


Current Limiting Power Switch 
With Current Limiter Sense Flag 


Description 


The CA3274 is a controlled current sw~ch and may be used in 
general purpose switching applications that require specified 
maximum levels of current. The functional block diagram of 
the CA3274 is shown and a typical application circuit is shown 
in Figure 1. An internal emitter follower has 200mA of source 
drive output capability. The Control Input is a Schmitt trigger 
buffer amplifier for noise immunRy in the environments typical 
of industrial and automotive control systems. 


Current sensing in the emitter circuR of a power-darlington 
output stage is fed back from a sampling resistor to the sense 
input of the CA3274 which has a 335mV typical offset. For the 
example shown in Figure 1, a sampling resistor of 0.056 ohm 
permRs 6.0 amperes (0.33510.056) of current in the emRter of 
the output driver. When the current limReris activated, the flag 
output changes state conditionally. If the control input is the "(J' 
state, the flag output will remain in a "1" state. If the control input 
is in the "1" state and the sense input is less than the vo~age 
reference level of 335mV, the flag output will remain in the "1" 
state. If the control input is the "1" state and the sense input is 
equal to or greater than the 335mV reference level, the flag 
output goes to the "r:J'state. The output flag switch may be used 
to accurately establish dwell timing in automotive applications. 
When the control input goes to "(J', the flag is reset to "1". Noise- 
immunRy hold-off is used to prevent pre-triggering of the flag 
output and is noted as td in the timing diagram of Figure 2. 


The flag output may be used for diagnostic feedback via the 
current sense input to detect a lau~ mode. In this case the 
sampled drive current is eRherfrom the emRter of the CA3274 
internal power transistor or an external output amplifier, such as 
a darlington power transistor or power-FET output stage. The 
CA3274 has separate power and signal grounds to minimize 
transient-loop feedback to the input ground and thus prevent 
false triggering of the output. Optionally, the output from the 
CA3274 may be taken from the open collector (DRIVE IN) at 
pin 6. An external resistor at pin 6 may be used to set the level 
at which 02 will saturate, providing additional limiting protection 
for the maximum forward-drive from the CA3274. 


8 LEAD DUAL-IN-L1NEPLASTIC PACKAGE(E SUFFIX) 
TOP VIEW 


CAUTION: 
These devices 
are sensijive 
to electrostatic 
discharge. 
Users should follow proper 
I.C. Handling 
Procedures. 


Copyright © Harris Corporation 
1992 


""""""""""~ 
: 
: 6 
! 


CONTROL 
LOGIC. 
CURRENT 
UMITER 


DRIVE IN 


DRIVE OUT 


~ 
POWER 
- 
GROUND 


~"""""""""" 
,::,,,,::::, 
!,:, 
: 01 
: 
l - 
,,,~""'''''''', .••..•......................................•. " ... 


..."' ...................•.....•.....•.....•.......... ,~ 


, 6 
CONTROL 
LOGIC. 
CURRENT 
UMiTER 


~ 
POWER 
- 
GROUND 


SENSE 
LEVEL 
EQUALS 
-=.. 
6 AMPS 


CI>CI> 
a:w 
W:z: 
~ ... 
a: I- 
0- 
a:== 
wCl> 
3:0 
OZ 
0..< 


Absolute 
Maximum 
Ratings 


Operating Drive Supply, Vcc 
........•••••••.••••..•.••• 
16V 
Maximum Output Current, 
10 •.••...•••..•.•..•.•..... 
200mA 
Control, Sense Input •...•.••.••.•••.•.. 
Gnd - 0.5V, Vcc + 0.5V 
Signal, Power Differential Ground Voltage •..•••..•.•...•..•. 
±1V 
Power Dissipation, 
Po 
Up to 70°C 
..••..........................•.••.. 
630mW 
Above 70°C ......•..•••••.••.•. 
Derate linearly at7.7mWf'C 


CAUTION: 
Stresses 
abo ••••those 
listed in "Absolute 
Maximum 
Ratings" mey CSllSe permenent 
demege 
to th6 device. 
This is a stress only rating and operation 


of the device at th6se or eny other conditions 
abo>w those indicated 
in th6 operations! 
sections 
of this specificstion 
is not ifTJ'lied. 


Operating Temperature Range ...•.•........••• 
-40"C to +85°C 


Storage Temperature Range .........••....... 
-55°C to +150°C 
Lead Temperature (During Soldering) 
At distance '/'S" (1.59 ± 0.79mm) from 
case for 105 max 
+250oC 


LIMITS 


PARAMETERS 
SYMBOL 
TEST CONDITIONS 
MIN 
TVP 
MAX 
UNITS 


Power Supply Current: Sl = 2 
ICCH 
Control = High (Output On) 
- 
· 
25 
mA 


ICCL 
Control = Low (Output Off) 
- 
- 
5 
mA 


Control Input: Sl = 3 
VthdH 
Thd. Voltage, High 
- 
- 
3.5 
V 


Vthdl 
Thd. Voltage, Low 
0.9 
- 
- 
V 


VthdwVthdL 
Hystersis 
0.4 
0.65 
2.0 
V 


IlL 
Leakage, 0.0 to 5.5V 
·20 
- 
+20 
j1A 


Driver In, OUt (Pin 6, 5): Sl = 3 
VsaJ. 
OUtput Saturation Voltage, ICC1= 200mA, 
· 
· 
0.5 
V 
VCONTROL= High 


ILEAK 
Collector Output Leakage, VCONTROL= 
- 
- 
100 
j1A 
Low 


Flag Output Low: Sl = 2 
V'sa' 
VSENSE= High, 'FLAG= 3mA 
· 
- 
0.8 
V 


Flag Output High: Sl = 3 
VnooJ< 
OUtput Leakage, Vcc = VFLAG= 10V 
- 
· 
10 
j1A 


Prop. Delay: Sl = 1 
lon, loft 
Control In to Drive Out 
· 
5 
- 
lIS 


~LAG 
Drive Off to Flag Off 
· 
10 
- 
lIS 


t.t 
Flag Delay from Control In 
150 
- 
600 
lIS 


Sense InputThd. 
Level: Sl = 1 
Vsanthd 
310 
335 
360 
mV 


Power Supply Rejection Ratio 
PSSR 
50 
- 
- 
dB 


NOTES: 


1. Refer to Figure 3 Test Diagram for electrical test connections. 


2. Refer to Figure 2 nming 
Diagram for logic switching and prop delay. 


3. Unless otherwise 
specified: Vcc = VCC1= VCC2= 7to 
10 volts; 
VSENSE= "Low"; VCONTROL= "Low"; 
Control in levels are defined as "Low" equals O.OVand "High" equals 5.0V. 
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SYSTEM 
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'FLAG 
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DELAY 


OUTPUT 
LOAD 
CURRENT 


" 
SENSE 
IN - PIN 2 
"-- 


• For Vcc = 7V to 10V; t.lr (MAX) = 6OO1lS 
if Control In = High, Sense In = High; 
Pin 1, Flag OUt can go low only if tSENSE~ t.l 


OUTPUT 
LOAD 
POWER 
SUPPLY 
+VCCI 


+VCC2 


(ADJ. 
FOR 3mA 
IN FLAG-OUT 
VSATTEST 


FLAG 
OUT 


5111 


(ADJ. 
FOR 200mA 
IN VSAT TEST) 
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HARRIS 
SEMICONDUCTOR 


• 
Dual-H Drivers on One IC 


• ± 150mA Maximum 
Current 


• Logic Controlled 
Switching 


• Direction 
Control 


• PWM lOUT Control 


• 18V Over-Voltage 
Protection 


• 300mA Short-CIrcuit 
Protection 


• Nominal 
10V to 16V Operation 


• Internal 
Voltage Regulation 
With Bandgap 
Reference 


Applications 


• 
Dual H-Swltch 
For Air Core Gauge Instrumentation 


• JlP Controlled 
Sensor 
Data Displays 


• Speedometer 
Displays 


• Tachometer 
Displays 


• Stepper Motors 


• Slave Position 
Indicators 


CA3275 


Description 


The CA3275 Dual-H Driver is intended for general-purpose 
applications 
requiring 
Dual-H drive or switching, 
including 
direction 
and pulse-width 
modulation 
for position 
control. 


While all features of the IC may not be utilized or required, 
they would normally be used in instrumentation systems with 
quadrature coils, such as air-core gauges, where the coils 
would 
be driven 
at frequencies 
ranging 
from 
200Hz 
to 
400Hz. The coils are wrapped at 900 angles for independent 
direction control. Coils wound in this physical configuration 
are controlled by pulse width modulation, 
where each coil 
drive is a function of the sine or cosine versus degrees of 
movement. The direction control is used to change the direc- 
tion of the current in the H-Driver coil. 


The switch rate capability of the IC is typically 30kHz regard- 
less of the inductive load. Over-current 
limiting is used to 
limit short circuit current. 
Over-voltage 
protection 
(in the 
range of 1BV to 40V) causes the device to shut down the 
output current drive. Thermal shutdown limits power dissipa- 
tion on the chip. The CA3275 is supplied in a 14 lead dual-in- 
line plastic package. 


PART 
TEMPERATURE 
PACKAGE 


CA3275E 
-4O"C to +85°C 
14 LeadPlasticDIP 


14 LEAD DUAL-iN-LINEPLASTIC 
PACKAGE(E SUFFIX) 
TOP VIEW 


• 


LA 
SINe 


SENSOR 
& 
MICROPROCESSOR 
CA3275 
CONVERTER 
PHASE, 
DIRECTION 
DUAL-H 
DlRA 
AID, VIF, ETC 
& PWM CONTROL 
DRIVER 
• 


LB 
COS 


CAUTION: 
These devices 
ere sens~ive 
to electrostetic 
discherge. 
Users should follow proper 
I.C. Handling 
Procedures. 
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Absolute 
Information 
(TC = +25°C) Unless Otherwise Specified 


Operating Vcc 
....................••................ 
16V 
Ambient Temperature 
Range 
Transient Vcc, 30 Seconds Maximum 
........•••.•....... 
24V 
Operating .............•.•............•... 
-40"C to +a5°C 
Peak Vcc, 0.4 Seconds Maximum 
•.•..........•.•.....•• 
40V 
Storage 
.•............•.•.••..........•• 
-55°C to +l50oC 
Maximum Continuous 
Output Current, 
±1oomA 
Lead Temperature (During Soldering) ......•..••..•.•.. 
+265°C 
Each Drive 
At distance 
1116± 
1132" (1.59± 0.79mm) from case for 
10s max 
Maximum PWM Output Switching Current, ....•.......... 
±l50mA 
Each Drive 
Power Dissipation, 
Po 
Up to +70oC 
.................•................. 
750mW 
Above +70°C .........•..•.... 
Derate Linearly at 11.1mWf'C 


CAUTION: 
StrBSses ebO\lll those listed in "Absolute 
Meximum 
Retings' 
mey cause permanent 
demege 
to th8 device. 
This is a strBSs only rating and operation 
01the device at these or any other conditions 
abo\lll 
those indicated 
in the operational 
sections 01this specification 
is not implied. 


LIMITS 


PARAMETERS 
SYMBOL 
MIN 
TYP 
MAX 
UNITS 


Operating Supply Voltage Range 
Vcc 
8 
- 
16 
V 


Supply Current (Note 1) 
Icc 
- 
8 
20 
mA 


INPUT LEVELS 


Logic Input, Low Voltage 
VIL 
- 
0.8 
V 


Logic Input, High Voltage 


I' 
V1H 
3.5 
- 
- 
V 


Logic Input, Low Current, VIL = OV 
IlL 
-10 
- 
- 
I1A 


Logic Input, High Current, VIH = 5V 
IIH 
- 
- 
10 
I1A 


OUTPUT: 
RLA = RLB = 1380 


Maximum Source Saturated Voltage 
VSAT" High 
- 
1.2 
1.75 
V 


Maximum Sink Saturated Voltage 
VSAT- Low 
- 
0.25 
0.5 
V 


Differential VSATVoltage, Both Outputs Saturated 
Diff - VSAT 
10 
100 
mV 


LIMITS 


PARAMETERS 
SYMBOL 
MIN 
TYP 
MAX 
UNITS 


SOURCE CURRENT 
(See Figure 3) 


Turn-Off Delay 


.. 
Tsc.QFF 
- 
2 
j1S 


Fall Time 
Tsc.F 
- 
2.2 
j1S 


Turn-On Time 
Tsc.QN 
- 
- 
1 
j1S 


Rise Time 
TSC.R 
. 
- 
0.4 
j1S 


SINK CURRENT 
(See Figure 4) 


Turn-Off Delay 
TSCK.QFF 
- 
- 
1.6 
j1S 


Fall Time 
TscK·F 
- 
- 
0.4 
j1S 


Turn-On Time 
TSCK.QN 
- 
- 
0.6 
j1S 


Rise Time 
TSCK·R 
- 
- 
0.2 
j1S 


NOTE: 


1. No load, PWMA = PWMB = 5V, DIR A = DIR B = OV 
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INTERNAL VOLTAGE 
SUPPLYWlTH 
BANDGAP REFERENCE 
OVERVOLTAGE PROTECTION 
AND THERMAL SHUTDOWN 
CIRCUITS 


COILA+ 
4 
GND 


PWMA 


PWMB 
D1RA 


GND 
• 
D1RB 
GND 


COILB+ 
• 
LB 
RB 


COIL 


150 
CL 
CL INCLUDES 
PROBE 
AND TEST CAPACITANCE 


30pF 


TEST CONDITIONS: 
PWM. 
OV, Vs .16V 


DlR PULSE 
PARAMETERS: 


F •• 1kHz, W •• 1OOI1s, TR •• TF.1118, 
AMPL. 
4V 
10% 


TllC-QN 


TEST CONDITIONS: 
PWM = OV, Vs = 16V 


DlR PULSE 
PARAMETERS: 


F = 1kHz, W = 1C101Ls,TR •• TF= 
1118,AMPL 
•• 4V 


PWM PULSE 
PARAMETERS: 


F= 1kHz, W" 
1ool1s, TR. 
TF •• 1118,AMPL. 
4V 
-' 


CL 
CL INCLUDES 
PROBE 
AND TEST AXTURE 
CAPACITANCE 
30pF 


en en 
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HARRIS 
SEMICONDUCTOR 


Features 


• Eight Open Collector 
Drivers 


• Capable of 1A Per Output 


• Capable of O.5A All Outputs 
"ON" 


• Transient 
Protection 


• Current 
Umltlng 


• Individual 
Output 
Latch 


• Individual 
Fault Unlatch 
& Feedback 


• Common 
Reset Une 


• Operating 
Temperature 
Range •••.••• 
-40°C to +125°C 


• High Voltage Power BIMOS 


Applications 


• Logic & ~P Controlled 
Drivers 


• Solenoids, 
Relays & Lamp Drivers 


• Automotive 
& Industrial 
Systems 


• 
Robotic 
Controls 


CA3282 


CMOS Octal Serial 
Solenoid 
Driver 


Description 


The CA3282 is a logic controlled, eight channel octal serial 
solenoid driver. The serial peripheral interface (SPI) utilized 
by the CA3282 is a serial synchronous bus compatible with 
Harris 
CDP68HC05, 
or equivalent, 
microcomputers. 
The 
functional 
diagram for the CA3282 
is shown in Figure 1. 


Each of the open collector output drivers has individual pro- 
tection for over voltage and over current; each output chan- 
nel has separate 
output latch control. 
Under normal 
ON 
conditions, each output driver is in a low, saturation state. 
Comparators 
in the diagnostic 
circuitry monitor the output 
drivers to determine if an out of saturation condition exists. If 
a comparator senses a fault, the respective output driver is 
unlatched. 
In addition, over current protection 
is provided 
with current limiting in each output, independent of the diag- 
nostic feedback loop. 


The CA3282 is fabricated in a Power SiMaS IC process, and 
is intended for use in automotive and other applications hav- 
ing a wide range of temperature and electrical stress condi- 
tions. It is particularly 
suited for driving lamps, relays, and 
solenoids in applications 
where low operating power, high 
breakdown voltage, and high output current at high tempera- 
tures is required. 


The CA3282 is supplied in 15 lead Power SIP package with 
lead forms for either vertical or surface mount. 


PGND 
PIN 
(TAB) MUST BE 
ELECTRICAlL 
YCONNECTED 


OUTPUT 4 
OUTPUTS 
OUTPUTS 
OUTPUT 7 
~ 
VDD 
MISO 
VSS 
MOSI 
SCK 
CE 
OUTPUT 0 
OUTPUT 1 
OUTPUT 2 
OUTPUT 3 


PART 
TEMPERATURE 
PACKAGE 
& 
NUMBER 
RANGE 
LEAD FORM 


CA3282AS1 
-40°C to +125°C 
15 Pin Plastic SIP 
Staggered Vertical 


CA3282AS2 
-4Q°C to +125°C 
15 Pin Plastic SIP 
Surface Mount 


MOSI 


SCK 


MISO 


CE 


REsET 


FIGURE 
1. BLOCK 
DIAGRAM 
OF THE CA3282 OCTAL 
DRIVER 
WITH SPI (SERIAL 
PERIPHERAL 
INTERFACE) 
BUS 


CAUTION: 
These dwices 
are sensnive 
to electrostatic 
discharga. 
Users should follow proper 
I.C. Handling 
Procedures. 


Copyright © Harris Corporetion 
1992 


Absolute 
Maximum Ratings 


DC Logic Supply, Voo .....•..••.•............. 
-0.7V to +7.0V 
Output Voltage, Vo ..••.••••••..............•.• 
.(J.7V to 40V 
Output Current, ILOAD............••.••.•..•••.•.... 
lA Max 
Input Voltage, V1N ••••••••••••••••••••••••••••••••• 
7V Max 
Operating Temperature 
Range .•.•............ 
-4Q°C to +15O"C 
Storage Temperature 
Range (Talg)' •........... 
-ssOC to +1500C 


Thermal Characteristics 


Thermal Resistance Junction-Case, 
0JC 
+3oC/W Max 


Thermal Resistance Junction-Ambient, 
OJ •••••••••••• 
+J5oC/W Max 


Lead Temperature (During Soldering): 
At distance 1/18 ±1/32 In. (1.59± 
0.79mm) 
from case for 10s max ...•........•...•.••.•..... 
+265°C 


LIMITS 


PARAMETERS 
SYMBOL 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Quiescent Supply Current 
100 
All Outputs ON, 0.5A Load Per Output 
5 
10 
mA 


Output Clamping Voltage 
Voc 
ILO•••O = 0.5A, Output Programmed 
OFF 
30 
32 
40 
V 


Output Clamping 
Energy 
Eoc 
ILO•••O = 0.5A, Output ON 
20 
mJ 


Output Leakage Current 
10LEAK 
Output Programmed 
OFF 


Vo=24V 
150 
1000 
IIA 


Vo= 
14V 
150 
500 
IIA 


Vo= 
5V 
150 
200 
IIA 


Output Saturation 
Voltage 
VSAT 
Output Programmed 
ON 


ILO"'O = 0.5A 
0.3 
0.5 
V 


ILO•••O = 0.75A 
0.4 
1.25 
V 


ILO•••O = LOA 
0.6 
2.0 
V 


Output Current Limit 
10UMIT 
Output Programmed 
ON, VOUT> 3V 
1.05 
1.5 
A 


Turn-On Delay 
~L 
10= 500 mA, No Reactive Load 
1 
10 
lIS 


Turn-Off Delay 
!PLH 
10= 500 mA, No Reactive Load 
2 
10 
lIS 


Fault Reference Voltage 
Vo REF 
Output Programmed 
ON, Fault Detected If 
1.6 
1.8 
2.0 
V 
Vo > VOREF 


Fault Reset Delay (After CE Low 
iuD 
See Figure 2 
TBD 
65 
250 
lIS 
to High Transition) 


Output OFF Voltage 
VOFF 
Output Programmed 
OFF, Output Pin Float- 
0 
1 
V 
ing 


LOGIC INPUTS (MOSI, CE, SCK and RESET) 


Threshold Voltage at 
VT. 
Voo =5V±10% 
0.2Voo 
0.3Voo 
V 
Falling Edge 


Threshold Voltage at 
VT+ 
Voo =5V±10% 
0.6Voo 
0.7Voo 
V 
Rising Edge 


Hysteresis Voltage 
VH 
VT+ - VT. 
0.85 
1.4 
2.25 
V 


Input Current 
II 
Voo = 5.5V, 0 < VI < Voo 
, 
-10 
+10 
IIA 


Input Capacitance 
CI 
0< VI < Voo 
20 
pF 


LOGIC OUTPUT 
(MISO) 
-~ 


Output LOW Vo~age 
VOL 
10L= 1.6 mA 
- 
" 
0.2 
0.4 
V 


Output HIGH Voltage 
VOH 
10L= 0.8 mA 
. 
Voo 
Voo 
V 
-1.3V 
-0.2V 


Output Tristate Leakage Current 
10L 
Voo = 5.25V, 0 < Vo < Voo, CE Pin Held High 
-10 
+10 
IIA 


Output Capacitance 
COUT 
0< Vo < Voo, CE Pin Held High 
20 
pF 


U>u> 
O:w 
wx 
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LIMITS 


PARAMETERS 
SYMBOL 
TEST CONOmONS 
MIN 
TYP 
MAX 
UNITS 


Operating 
Frequency 
IOPER 
D.C. 
Note 1 
1.0 
MHz 


Cycle Time 
(1) 
!evc 
1.0 
0.1 
lIS 


Enable Lead Time 
(2) 
!tEAO 
<100 
1000 
ns 


Enable Lag Time 
(3) 
luG 
<100 
1000 
ns 


Clock HIGH Time 
(4) 
IwscKH 
410 
50 
ns 


Clock LOW Time 
(5) 
IwscKL 
410 
50 
ns 


Data Setup Time 
(6) 
tsu 
150 
20 
ns 


Data Hold Time 
(7) 
~ 
150 
20 
ns 


Enable Time 
(8) 
teN 
50 
1000 
ns 


Disable Time 
(9) 
1015 
150 
1000 
ns 


Data Valid Time 
(10) 
tv 
75 
360 
ns 


Output Data Hold Time 
(11) 
~o 
0 
50 
ns 


Rise Time (MISO Output) 
(12) 
!,so 
Voo = 20% to 70%, CL = 200pF 
35 
150 
ns 


Rise Time SPllnputs 
(SCK, MOSI, CE) 
(12) 
!,sl 
Voo = 20% to 70%, CL = 200pF 
90 
ns 


Fall Time (MISO Output) 
(13) 
Itso 
Voo = 20% to 70"k, CL = 200pF 
45 
150 
ns 


Fall Time SPllnputs 
(SCK, MOSI, CE) 
(13) 
Itsl 
Voo = 20% to 70"/0, CL = 200pF 
90 
ns 


NOTE: 


1. Operating Frequency is typically greater than 10MHz but it is application 
limited primarily by external SPI input riselfalltimes 
and MISO 
output loading. 


CE I 
~I 


Cl 
(INPUT) 


Signal Descriptions 


Output 
0 - Output 
7 - Power Output Drivers. The input and 
output bits corresponding 
to Output 0 thru Output 
7 are 
transmitted and received most significant bit (MSB) first via 
the SPI bus. The outputs are provided with current limiting 
and voltage sense functions for fault indication and protec- 
tion. The nominal load current for these outputs is 500mA, 
with current limiting set to a minimum of 1.05A. An on chip 
clamp circuit capable of handling 500mA is provided at each 
output for clamping inductive loads. 


RESET - Active low reset input. When this input line is low, 
the shift register and output latches are configured to turn off 
all output drivers. A power on clear function may be imple- 
mented by connecting this pin to Voo with an external resis- 
tor, and to Vss with an external capacitor. In any case, this 
pin must not be left floating. 


CE - Active low chip enable. Data is transferred from the shift 
register to the outputs on the rising edge of this signal. The 
falling edge of CE loads the shift register with the output volt- 
age sense bits coming from the output stages. The out~ 
driver for the MISO pin is enabled when this pin is low. CE 
must be a logic low prior to the first serial clock (SCK) and 
must remain low until after the last (eighth) serial clock cycle. 
A low level on CE also activates an internal disable circuit 
used for unlatching output states that are in a fault mode as 
sensed by an out of saturation 
condition. 
A high on CE 
forces MISO to a high impedance state. Also, when CE is 
high, the octal driver ignores the SCK and MOSI signals. 


SCK, MISO, MOSI • See Serial Peripheral Interface (SPI) 
section in this data sheet. 


Voo and Vss - Positive and negative power supply lines. 


Serial Peripheral 
Interface 
(SPI) 


The Serial Peripheral Interface (SPI) utilized by the CA3282 
is a serial synchronous 
bus for control and data transfers. 
The clock (SCK), which is generated by the microcomputer, 
is active 
only 
during 
data 
transfers. 
In systems 
using 
CDP68HC05 
family 
microcomputers, 
the 
inactive 
clock 
polarity is determined by the CPOL bit in the microcomput- 
er's control register. The CPOL bit is used in conjunction with 
the clock phase bit, CPHA to produce the desired clock data 
relationship 
between 
the microcomputer 
and octal driver. 
The CPHA bit in general selects the clock edge which cap- 
tures data and allows it to change states. For the CA3282 , 
the CPOL bit must be set to a logic zero and the CPHA bit to 
a logic one. Configured in this manner, MISO (output) data 
will appear with every rising edge of SCK, and MOSI (input) 
data will be latched into the shift register with every falling 
edge of SCK. Also, the steady state value of the inactive 
serial clock, SCK, will be at a low level. Timing diagrams for 
the serial peripheral interface are shown in Figure 2. 


SPI Signal Descriptions 


MOSI (Master Out/Slave 
In) - Serial data input. Data bytes 
are shifted in at this pin, most significant bit (MSB) first. The 
data is passed directly to the shift register which in turn con· 


trois the latches and output drivers. A logic "0' on this pin will 
program the corresponding output to be ON, and a logic "1" 
will turn it OFF. 


MISO (Master 
In! Slave 
Out) - Serial data output. 
Data 
bytes are shifted out at this pin, most significant bit (MSB) 
first. This pin is the serial output from the shift register and is 
tri stated when CE is high. A high for a data bit on this pin 
indicates that the corresponding output is high. A low on this 
pin for a data bit indicates that the output is low. Comparing 
the serial output bits with the previous input bits, the micro- 
computer 
implements the diagnostic 
data supplied by the 
CA3282. 


SCK - Serial clock input. This signal clocks the shift register. 
New MISO (output) data will appear on every rising edge of 
SCK and new MOSI (input) data will be latched into the shift 
register on every falling edge of SCK. The SCK phase bit, 
CPHA, and polarity 
bit, CPOL, must be set to 1 and 0, 


respectively in the microcomputer's control register. 
FuncuonalDescripuon 


The CA3282 is a low operating power, high voltage, high cur- 
rent, octal, serial solenoid driver featuring eight channels of 
open collector drivers. The drivers have low saturation volt- 
age and output short circuit protection, suitable for driving 
resistive or inductive loads such as lamps, relays and sole- 
noids. Data is transmitted to the device serially using the 
Serial Peripheral Interface (SPI) protocol. Each channel is 
independently controlled by an output latch and a common 
RESET line that disables all eight outputs. Byte timing with 
asynchronous 
reset 
is shown 
in Figure 
3. 
The 
circuit 
receives 
8 bit serial 
data by means 
of the serial 
input 
(MOSI), and stores this data in an internal register to control 
the output drivers. The serial output (MISO) provides 8 bit 
diagnostic data representing the voltage level at the driver 
output. This allows the microcomputer to diagnose the con- 
dition at the ~ut 
drivers. The device is selected when the 
chip enable (CE) line is low. When CE is high, the device is 
deselected and the serial output (MISO) is placed in a tri 
state mode. The device shifts serial data on the rising edge 
of the serial clock (SCK), and latches data on the falling 
edge. On the rising edge of chip enable (CE), new input data 
from the shift register is latched in the output drivers. The 
falling edge of chip enable (CE) transfers the output driver 
fault information back to the shift register. The output drivers 
have low ON voltage at rated current, and are monitored by 
a comparator 
for an out of saturation 
condition, 
in which 
case the output driver with the fault becomes unlatched and 
diagnostic data is sent to the microcomputer 
via the MISO 
line. A typical microcomputer 
interface circuit is shown in 
Figure 4. This circuit is also cascadable with another octal 
driver. 


Shift Register 


The shift register has both serial and parallel inputs and out- 
puts. Serial output and input data are simultaneously trans- 
ferred to and from the SPI bus. The parallel outputs are 
latched into the output latch in the CA3282 at the end of a 
data transfer. The parallel inputs jam diagnostic data into the 
shift register at the beginning of a data transfer cycle. 
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OUTPUTS 
OL_D 
--'XNEW 2f7 
RESET 


FAULTS 


CDP68HC05C4 
CA3282 
MICROCOMPUTER 


PORT 
CE 


MOSI 
MOSI 


MISO 
MISO 


SCK 
SCK 


REsEf 
RESET 


Output 
Latch 


The output latch holds input data from the shift register which 
is used to activate the outputs. The latch circuit may be 
cleared 
by a fault 
condition 
(to protect 
the overloaded 
outputs), or by the i"iESET 
signal. 


Output 
Drivers 


The output drivers provide an active low output of 500mA 
nominal with current limiting set to 1.05A to allow for high 
inrush currents. In addition, each output is provided with a 
voltage clamp circuit to limit inductive transients. Each out· 
put driver is also monitored by a comparator for an out of 
saturation condition. If the output voltage of an ON output pin 
exceeds 
the saturation 
voltage 
limit, a fault condition 
is 
assumed and the latch driving this output is reset, turning the 
output 
off. The 
output 
comparators, 
which 
also 
provide 
diagnostic 
feedback 
data to the shift register, contain an 


internal pulldown current which will cause the cell to indicate 
a low output voltage if the output is programmed OFF and the 
output pin is open circuited. 


CE High to Low Transition 


When CE is low, the tn-state MISO pin is enabled. On the 
falling edge of CE, diagnostic data from the output voltage 


comparators will be latched into the shift register. If an output 
is high, a logic one will be loaded into that bit in the shift 
register. If the ~ut 
is low, a logic zero will be loaded. During 
the time that CE is low, data bytes controlling the output 
drivers are shifted in at the MOSI pin most significant bit 
(MSB) first. A logic zero on this pin will program the cor· 
responding output to be ON, and a logic one will turn it OFF 


CE Low to High Transition 


When the last data bit has been shifted into the CA3282 the 
CE pin should be pulled high. At the rising edge of CE, 'shift 
register data is latched into the output latch and the outputs 
are activated with the new data. An internal 150msec delay 
timer will start at this rising edge to compensate 
for high 


inrush currents in lamps and inductive 
loads. During this 


period, the outputs will be protected 
only by the analog 


current limiting circuits since resetting of the output latches by 
fault conditions will be inhibited during this time. This allows 
the device to handle inrush currents immediately after turn 
on. When 
the 
150msec 
delay has elapsed, 
the out-put 


voltages 
are sensed by the comparators 
and any out of 


saturation outputs are latched off. The serial clock input pin 
(SCK) should be low during CE transitions 
to avoid false 


clocking of the shift register. The SCK input is gated by CE so 
that the SCK input is ignored when CE is high. 


Detecting 
Fault Conditions 


Fault conditions may be checked as follows. Clock in a new 
control byte and wait approximately 
150msec to allow the 


outputs to settle. Clock in the same control byte and note the 
diagnostic data output at the MISO pin. The diagnostic bits 
should be identical to the data clocked in. Any differences will 
indicate a fault at the corresponding outputs. For example, if 
an output was programmed ON by clocking in a zero, and the 
corresponding 
diagnostic 
bit 
for 
that 
output 
is a 
one, 


indicating the driver output is still high, then a short circuit or 
overload condition may have caused the output to unlatch. 
~Iternativety, if the output was programmed OFF by clocking 
In one, and the diagnostic bit for that output shows a zero, 
then the probable cause is an open circuit resulting in a 
floating output. 
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HARRIS 
SEMICONDUCTOR 


• 
Load Current 
Switch 
••••.•...••••••••••.•• 
600mA 


• Suitable for Resistive 
or Inductive 
Loads 


• Fault Mode Diagnostic 
Flag Output 


• Over-Voltage 
Zener Clamp 


• Independent 
Over-Current 
Umltlng 


• Independent 
Over-Temperature 
Shutdown 


• Temperature 
Shutdown 
Hysteresis 


• Operating 
Temperature 
•••••••••••. 
-40oC to +125°C 


• High Dlsslpetlon 
Power·Frame 
Package 


• 5 Volt CMOS or TTL Input Logic 


Applications 


• Drivers 
For: 


- Solenoids 


• Relays 
• Power Output 
- Lamps 


• System Use: 


• Automobiles 
• Appliances 


- Injectors 
• Steppers 


• Motors 


- Displays 


- Industrial 
- Robotics 


CA3292 


Quad-Gated 
Inverting 
Power Driver 
With Fault Mode Diagnostic 
Flag Output 


Description 


The CA3292 quad-power NAND driver contains four NAND- 
gate switches for interfacing low-level logic to inductive and 
resistive 
loads 
such 
as: 
relays, 
solenoids, 
AC and 
DC 
motors, heaters and incandescent displays. The CA3292 is 
similar to the CA3272, except for zener diode over-\IOltage 
clamp protection on each output. Each output is protected 
for current 
limiting, 
over-temperature 
shutdown 
and 
has 
diagnostic feedback to indicate fault conditions. 


The FAULT DETECTOR 
block diagram 
of the CA3292 
is 
shown in Figure 1 in an equivalent logic form while the func- 
tion block diagram with all four switches is shown in Figure 2. 
Channel A is one of the 4 power switching functions dis- 
played in the FAULT DETECTOR diagram. Transistor 0A is 
the protected power transistor switch that drives the "OUT A" 
terminal. The dotted block outlines the logic block associated 
with the FAULT DETECTOR. The ENABLE input is common 
to each of the 4 power switches and, when low, disables the 
FAULT output. From the "IN A" input to the "OUT A" output, 
the switch condition is inverting (NAND). When IN is high, 
OUT 
is low and 
the 
switch 
is conducting. 
The 
FAULT 
DETECTOR senses the IN and OUT states and switches OF 
"ON" if a fault is detected. When a fault is detected, transistor 
OF activates a sink current source to pull-down the FAULT 
pin to a 0 (low) state. Both shorted and open load conditions 
are detected. 


PLASTIC 
28-LEADED 
PLASTIC 
LEADED 
CHIP CARRIER 
(JEDEC MQ-047AB) 
(QSUFFIX) 


TO 
FAULT 
DET. 


10F4 
OUTPUT 
STAGES 


PART 
TEMPERATURE 
NUMBER 
RANGE 
PACKAGE 


CA3292Q 
-4Q°C +12SoC 
28 Lead PLCC 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 
Copyright © Harris Corporation 1992 
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l 
4V 
FAULT 
• 


EN (to B C. D ~ 
DETECTOR 
l 


& FAULn ~............... 
. 
; 


ENABLE 


FIGURE 
1. FUNCTIONAL 
BLOCK 
DIAGRAM 
OF THE CA3292 
FAULT DETECTOR 


GROUND 
PINS 5-11,19-25 


FIGURE 
2. CA3292 FUNCTIONAL 
BLOCK DIAGRAM SHOWING 
ALL OUTPUTS 


·INPUT 
AND ENABLE 
PULLDOWN 
SOURCES 
FORCE 
OUTPUT 
TURN.QfF 
FOR ALL 


UNDETERMINATED 
INPUTS 


ENABLE 
IN 
OUT 


H 
H 
L 


H 
L 
H 


L 
DON'T CARE 
H 


IN 
OUT 
FAULT 
MODE 


H 
L 
H 
NORMAL 


H 
H 
L 
Over current or over 
L 
L 
L 
temperature 
or output 
short to power supple 


L 
H 
H 
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Absolute 
Maximum Ratings 


Logic Input Supply Voltage, Vcc •................•.•... 
+7.0V 
Logic Input Voltage, VIN ............•..•.•..•.........• 
15V 
Output Voltage, VCLAMP.......•.•.•.•.............. 
(Note1) 
Output Sustaining 
Voltage, VCE(SUS)'" ....•..•........ 
(Note1) 
Output Current, 10,.........•.......................•. 
1.6A 
Power Dissipation: 
Up to 85°C ..•...•............•..•..•.............. 
1.5W 
Above 85°C 
.•................•.. 
Derate Linearly at 23mWfC 
Above 105°C w/heat sink (PC Board) 
. Derate Linearly at 33mWfC 
Up to 125°C w/heat sink (PC Board) .....•.••.••........ 
LOW 
Above 125°C wI heat sink (PC Board) . Derate Linearly at 33mWfC 


NOTE: 


1. The output voltage level is limited by the clamping action of the internal zener diode. See the clamp voltage limits specified in the electrical 
characteristics 
table. 


Ambient Temperature 
Range: 


Operating Temperature Range 
-40oC to +125°C 
Storage Temperature Range 
-55°C to +150°C 
Maximum Junction Temperature. Tj 
•••..•..•.•.•..•..• 
+150oC 
Maximum Thermal Resistance: 
Junction-to-Air, 
R9JA .........•..•.................. 
43°CIW 
Lead Temperature (During Soldering): 
At distance '/,6 ± '/32 in. (1.59 ± 0.79 mm) from 
casefor10smax 
...•..•..•......................... 
265°C 


UMITS 


PARAMETERS 
SYMBOL 
TEST CONDITIONS 
MIN 
TVP 
MAX 
UNITS 


Output Leakage Current 
ICEX 
VCE24V, VENABLE= 0.8V 
100 
llA 


Output Clamp Voltage 
VCLAMP 
ICE= 30011A 
28 
40 


COLLECTOR 
EMITTER 
VCE(SAT) 
Ic = 400mA, VIN 2V, Vcc = 4.75V, TA = +125°C 
0.4 
V 
SATURATION 
VOLTAGE: 
Ic = 500mA, V1N2V, Vcc = 4.75V, TA = +25°C 
0.5 
V 


Ic = 600mA, VIN 2V, Vcc = 4.75V, TA = -400C 
0.6 
V 


LOGIC INPUT THRESHOLDS: 


Input Low Voltage 
V1L 
0.8 
V 


Input High Voltage 
VIH 
2.0 
V 


Input Low Current 
IlL 
VIN.0.8V 
10 
60 
IlA 


Input High Current 
IIH 
VIN= 5.5V, VENABLE= 5.5V 
10 
60 
IlA 


SUPPLY CURRENT: 


All Outputs ON 
ICC(ON) 
IOUT(A,B,C,D) = 250mA, 
60 
mA 


VIN = 2V, VENABLE= 5.5V 


All Outputs OFF 
- 
ICC(OFF) 
10 
mA 


Turn-On Delay 
~L' 
tPLH 
10 
llS 


Over-Current 
Limiting for each 
VOUT= 4.5V to 24.5V, 
0.7 
1.6 
A 
Output (Note 1) 
RL = (Min.) = 40 


FAULT OUTPUT, 
ILOAD= 3011A: 


Output Low Current 
IOL 
40 
80 
IlA 


Output High Current 
IOH 
2 
IlA 


Output Low Voltage 
VOL 
IOL= 30llA 
0.4 
V 


Output Sense Thresholds: 


Output High Threshold 
I 
VHT 
IVIN = 2.0V (Min.) 
3 
5.5 
I 
V 


Output Low Threshold 
I 
VLT 
I VIN= 0.8V (Max.) 
I 
3 
I 
I 
5.5 
I 
V 


OVER-TEMPERATURE 
SHUTDOWN 
(DESIGN PARAMETER): 


Typical Junction Temperature 
165 
°C 
at Thermal 
Shutdown 


NOTE: 


1. With voltage on the collector of the output transistor as indicated (VOUT= 4.5V to 24.5V) and with that output transistor switched "ON", 


the current will increase to a limiting value which will be a value of 0.7A, minimum. That output will shortly thereafter 
(-5 
rns) go into 
Over-Temperature 
shutdown. 
(Excessive dissipation during thermal shutdown may damage the chip.) 


HARRIS 
SEMICONDUCTOR 


• Low Side Power MOSFET Output 
Drivers 


• Output 
Driver Protection: 


- Over-Current 
Shutdown 
• Over-Tempereture 
Shutdown 


- Over-Voltage 
Internal Clamp 


• Load Currents Switching Capability with All Outputs ON: 
- HIPOO81•••••••••••.•.•.•.••••••••• 
1 Amp Each 


- HIPOO80.••••••••••••.•.•.•.•.•.. 
0.5 Amp Each 


• Regulated 
5V Logic Interlace 


• 5 Volt CMOS Inputs 
logic 


Fault Mode Output for Shorts, Opens & Over-Tempereture 


• 16 Bit Serial Diagnostic 
Register 


• SPI Bus Compatible 
Data Readout 


• 30C/W -15 Lead Power SIP Package 


• -400C to +1250C Operetlng 
Temperature 


Applications 


• Drivers 
For: 
- Solenoids 


- Relays 
- Power Output 
- Lamps 


- Injectors 


- Steppers 
- Motors 
- Displays 


• System Use: 


- Automotive 
• Appliances 


- Industrial 
- Robotics 


HIPOOBO 
HIP0081 


Quad Inverting Power Driver With 
Diagnostic Interface 


Description 


The HlPOO8OI0081 Quad 
Power 
Drillers 
contain 
four individually 
protected 
NOMOS power output transistor 
sw~ches to drille induc- 


tive and resistilleloads 
such as: relays. solenoids, 
injection drillers. 


AC and 
DC motors. 
heaters 
and 
incandescent 
displays. 
The 4 
Power Drivers are low-side 
sw~ches 
driven 
by CMOS 
logic input 
control stages. The output drivers are protected 
against 
oller-<:ur- 


rent, Oller-temperature 
and oller-voltage. 
An intemal 
drain-toilate 
zener 
diode 
provides 
the 
clamping 
protection 
for 
over-lIOltage. 


Diagnostic 
circu~s provide 
ground 
short. 
supply 
short, open load 
and thermal 
OIIertoad detection 
for each of the 4 output 
stages. 


Each of the 4 input drillers and their respeclille 
diagnostic 
filters are 
controlled 
by one ENABLE 
input. 


The inputs are CMOS logic compatible 
and individually 
control the 
output drillers with an actille high state for turn-on. All other control 
inputs are actille 
high with the exception 
of the Chip Select (CS) 
which is active low. The DATAIN and DATAOUT are positille 
logic 
and the Clock (CLK) input for the Serial 
Interface 
is actille on the 
rising edge of the eLK 
pulse. All inputs include a nominal 
19IIll1of 


hysteresis. 
IN1, IN2, IN3. IN4 and ENABLE 
halle pull-<lown resis- 
tors of approximately 
l00kn. 
This s~ches 
off any channel 
that 
has an unterminated 
input. 


PART 
TEMPERATURE 
PACKAGE 
& 


NUMBER 
RANGE 
LEAD 
FORM 


HIP0081AS1 
-40"C 
to +12SoC 
15 Pin Plastic 
SIP Staggered 
Vert. 


HIP0081AS2 
-40"C 
to +125°C 
15 Pin Plastic 
SIP Surface 
Mount 


HIPOOBOAM 
-4O"C to +125°C 
28 Pin PLCC 


• 
CI>CI> 
a:w 
w:J: 
GND 
=:<.:> 
a: I- 
c- 
a:=: 
wCl> 
GND 
=:c 
OZ 
GND 
Q.< 


GND 
GND 


CAUTION: 
These 
devices 
ere sens~ive 
to electrostetic 
discherge. 
Users should follow proper 
I.C. Handling 
Procedures. 
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Absolute 
Maximum Ratings 


Supply Voltage, Vcc .......••.••.••............. 
-16V to 45V 
Output Voltage Vo .............••.•..•..••... 
-0.5 to VCLAMP 
Input Voltage, V1N.................•..•..••..••. 
-0.5V to 7V 
Output Current, lOuT.•..•..........••.•.••••.•.• 
-2A to +3A 
Operating Temperature 
Range ....••.•.•••••.• 
-40oC to +125°C 
Operating Junction Temperature 
Range .••••.••• 
-40oC to +l50oC 
Storage Temperature 
Range, TsTG 
-55°C to +l50oC 


CAUTION: 
Stresses 
sbo ••• those listed in "Absolute 
Maximum 
Ratings" 
may cause permanant 
damage 
to the daviea. 
This is a stress 
only /Bting and ope/Btion 


of the davice at these or any othar conditions 
abo ••• thosa indica tad in tha IJPe/Btional sactions 
of this spacification 
is not implied. 


Thermal Resistance 
.............•.. 
0;. 
OJ<: 


HIPOOBO,HIP0081. . . • . . . . . . . . . . .. 
35°CIW 
~CIW 
Lead Temperature (During Soldering) 
At distance '/'6 ± 1/32"(1.59 ± 0.79mm) Irom 
case lor 105 max •.••.•..•.•.•...•............... 
+265°C 


LIMITS 


HIPOO80 
I 
HIP0081 


PARAMETER 
SYMBOL 
TEST CONDITIONS 
MIN I 
TYP 
I MAX I MIN 
TYP 
I MAX 
UNITS 


POWER OUTPUTS: 


Output ON Resistance 
RoN 
Vcc 10t025V, 
lOUT= lAVcc 
- 
- 
1.0 
- 
- 
0.5 
Q 


5.5 to 10V,IouT = 0.7A 
2.0 
1.0 
Q 


Output Over-Voltage 
Clamp 
VCLAMP 
Output Programmed 
OFF 
27 
- 
43 
73 
- 
85 
V 
Range 


Output Short Prot. Current 
Isc 
1.5 
- 
2.1 
3 
4.1 
A 
Range 


Output Short Circuit Det. Delay 
tSCDlY 
- 
6 
6 
lIS 


Output ON-OFF Voltage Ramp 
(Resistive load) 
- 
10 
- 
10 
- 
VIlIS 
Rate 


Turn-On Delay 
!PHl 
Vcc = 14V, RLOAD=140 
- 
- 
8 
- 
8 
lIS 


Turn-Off Delay 
!PLH 
Vcc = 14V, RLOAD=140 
- 
- 
8 
- 
- 
8 
lIS 


SUPPLY: 


Power Supply Current 
Icc 
- 
20 
- 
- 
20 
- 
mA 


Power Supply Reset Active 
VCC_RST 
3 
- 
4 
3 
- 
4 
V 


Shut-Down 
Current Mode 
ISHTDN 
Enable LOW 
20 
- 
- 
NlA 
- 
1lA 


INPUTS: 


Low-Level 
Input Voltage 
V1l 
- 
- 
1 
- 
- 
1 
V 


High-Level 
Input Voltage 
V1H 
3.5 
- 
- 
3.5 
- 
- 
V 


Input Hysteresis Threshold 
VIN.HYS 
0.85 
- 
2.25 
0.85 
2.25 
V 


Input Pull-Down 
Resistance 
Rod 
- 
lOOk 
- 
- 
lOOk 
- 
Q 


DATAOUT: 


Tristate Leakage Current 
IOO_lEAK 
-10 
- 
10 
-10 
- 
10 
1lA 


Logic High Output Voltage 
VOH 
10H= 1.6 mA 
3.7 
- 
- 
3.7 
- 
- 
V 


Unloaded Max. DATAOUT 
VH1GH 
No Load 
- 
- 
5 
- 
- 
5 
V 


Logic Low Output Voltage 
VOL 
10H= -1.6 mA 
- 
0.4 
- 
- 
0.4 
V 


Oscillator 
Frequency 
'osc 
- 
500 
500 
- 
kHz 


Serial Interface Clock Freq. 
IClK 
- 
- 
2 
- 
- 
2 
MHz 


DIAGNOSTIC 
& PROTECTION: 


Over-Temperature 
Shutdown 
150 
- 
- 
150 
- 
- 
°C 
Threshold 


Shutdown Temp. Hysteresis 
- 
15 
- 
- 
15 
- 
°C 


Output Shorl-to-Gnd 
Thd 
.24xVcc 
- 
- 
.24xVcc 
- 
V 


Short-to-Gnd 
Hysteresis 
- 
.02xVcc 
- 
.02xVcc 
- 
V 


Open-Load 
Resistance lor No- 
lO 
- 
20 
10 
- 
20 
kll 
Load Warning 


Filter Delay Time lor O.L. or 
- 
12 
- 
- 
12 
- 
lIS 
Short-to-Gnd 


Overview 


As shown in the Functional 
Block Diagram. each output stage 
has voltage 
and temperature 
sensors 
wtth comparators 
and 
delay Mers. 
Four bits of diagnostic 
information 
is provided as 
feedback from each of the four stages. The diagnostic data for all 
outputs is converted to a serial sequence of 16 btts which is out- 
put to a diagnostic register. The data may be read when the Chip 
select. CS is low and the Clock. CLK transttions posttive. With 
CS low. the CLK clock input synchronously 
shifts the register 
data while new data is shifted in from the DATAIN input. After 16 
clocks. the DATAIN information is shifted to the DATAOUT 0.!:!!l?ut. 
The diagnostic register is cleared after the falling edge of CS to 
allow new diagnostic 
data to be stored while the existing serial 
data is read. Figure 2 shows a complete 
functional 
signal flow 
diagram. In each swttching channel. the diagnostic sense circutts 
set 1 btt in the diagnostic 
register for each of the 4 diagnostics 
fautt condttions as follows: 


Bit 1 • indicates a thermal 
oll9rload 
when the sensed junction 
temperature of the output is greater than 15O"C. When oll9r-tem- 
perature is sensed. the sensor output directly gates-off the drive 
to the power output and the respectill9 fautt bit is set in the diag- 
nostic register. When the chip is sufficiently cooled. the output is 
gated-on if the input remains ON. 


Bit 2 • indicates the fautt condition for an output-te-supply 
short 
(shorted 
load). A small 
value 
of resistance 
(-0.010) 
in the 
source-to-ground 
line of the output stage is used to sense the 
output short. A comparator 
senses the voltage level and Mers 
the output to provide an input to the control stage and to the 
diagnostic 
register. The 
control 
state directly 
shuts down the 


output 
when 
an OII9r-eurrent condttion 
is sensed. 
Under 
this 


condttion of fautt. the input driller is latched off. To restore the 
output drill9. the short must be remOll9d and the input toggled 
OFF and then ON. 


Bit 3 • indicates the condition of an output to ground short. Each 
output stage has drain-te-supply r.;cc 1) and drain-to-ground 
pull- 


up and pulJ.down resistors of approximately 
10kn to sense this 


condition. When the output is off and the sense level is low. an 
output-to-ground 
short is detected by the comparator. 


Bit 4 • indicates the condition of an open load on the output. The 
same divider noted aboll9 is used to set the output level. If the 
sense level is at or near the mid-range 
of the voltage supply. 


Vcc 1 when the output is in the off condition, a ne-Ioad condition 
is detected. 


For normal 
operating 
condttions, 
a Reset turns off all outputs 


when the Vcc level drops below 3.5 IIOtts.The internal bandgap 
and bias supply function includes a 5V regulated supply for the 
low vottage signal and logic circuits. 


Filters are used on the outputs of the fault sensing comparators 
to avoid the detection of short duration transient spikes. The on 
chip oscillator is used to clock an internal shift register in each 
fitter. If the fautt condition is longer than a preset number of clock 
cycles, the fautt condition is recognized and the respectill9 
bit is 


set in the diagnostic 
register. No filter is used in the thermal- 


oll9rload 
feedback 
circuit 
and 
the 
bit 
is set 
when 
thermal 


shutdown occurs. 


·:~;~; 
······~ 
_ 
_------ 


CLK 
cs 


DATAIN 


DATAOUT 


CONTROL & 16 BIT 
DIAGNOSTIC 
SHIFT 
REGISTER 
wlSERIAL 
INTERFACE 


"'." 
a::w 
w;t: 
2:<.> 
a:: 
I- 
c - 
a:::S: 
w." 
:s:c 
CZ 
0.< 


Over-temperature 


2 
Short to Supply 


3 
Short to Ground 


4 
Open load 


Switching Channel 2: 


5 
Over-temperature 


6 
Short to Supply 


7 
Short to Ground 


8 
Open load 


Switching Channel 3: 


9 
Over-temperature 


10 
Short to Supply 


11 
Short to Ground 


12 
Open load 


dl: 


eLK 


OTl 


SBl 


SGl 


011 


HIPOOBO. HIPOOB1 
14 
Short to Supply 
SB4 


15 
Short to Ground 
SG4 


16 
Open load 
014 


Referring to figure 1, the error bits are jammed from 01 (DATAIN) 
to 
DO 
(OATAOIJT)v.tIen 
enabled by CS going low (acti~ 
The GATE is an i'lternal oontrol signal that goes high v.tIen CS 
goes low. The CLK signal starts when activated to read the first 
diagnostic data b~ (OT1). The first DO b~ following the CS low 
and GATE high is a lautt error flag which goes high ff anyone of 
the 16 lautt bits have been set HIGH. This Fautt Flag data b~ 
precedes the 16lautt bits and is ORed with the lautt bits. In cas- 
caded operation (see Fig 3), the 01 input lor the first of the 
selected chips should be tied to ground. When cascaded, the 
error flags are also cascaded. A lautt oondition is immediately 
evident without reading all b~s. However,all bits must be read to 
determine on v.tIich chip the diagnostic b~ has been set. 


The diagnostic i'lterlaoes to the HIP0080 and HlP0081 are SPI 
compatible. The microoontrolier is programmed to oontrol the 
read and respond action based on the diagnostic readout. The 
Error Flag b~ requires a separate i'lput back to the microoontrol- 
ler. When the ClK signal starts, the serial sequenoe starting with 
the first diagnostic bit (OT1) is input to the microoontrolier. 


OT2 


SB2 


SG2 


012 


OT3 


SB3 


SG3 


013 


-i--- 
~-fl------------------------- 


DI 


DATAIN-r 


Ci 


CLK 


ENABLE 


~ 
BANDGAP I Vcc 
I 
"_B_IA_S 
- 


SERIAL 
DATAOUT 
(DRIVER) 


~---------------------------------~ 
. 
. 
, 
:00 


·······: 
GATE 
1C2 
• 
~----------------------------------, 
~---------------------------------~ 
· 
. 
: 
:00 
·····: 
IC3 
~--.•. __ 
--------_ 
- 
_---_ 
..: 


..,.., 
II:w 
W::c 
=:u 
II: I- 
C 
- 
II::S: 
w.., 
:s:C 
OZ 
0.< 


• Over Operating 
Range: -400C to +1250C 
- 1V Max at 1A saturation 
Voltage 


- 1A Current 
Switching 
Capability 
- 4.5V to 25V Power Supply 
Range 


• Over-Voltage 
Shutdown 
Protected 


• Over-Current 
Limiting 


• Thermal 
Umltlng 
Protection 


• 80Vpk Load Dump 


• Reverse Battery 
Protection 


• Motor Driver/Control 


• Driver forSolenolds, 
Relays and Lamps 


• MOSFET and IGBT Driver 


• Driver for Temperature 
Controller 


HIP 1030 


1A High Side Driver With 


Over-Load Protection 


Description 


The HIP1030 is a Power Integrated Circuit designed as a 
High Side Driver to switch power to the output load. The 
functional block diagram for the HIP1030 is shown in Figure 
1. It is the equivalent of a PNP pass transistor operated as a 
high side current switch in either the saturated ON mode or 
switched OFF. The HIP1030 is designed with internal circuitry 
to protect the pass transistor from being damaged by over 
stress conditions of current. voltage or temperature. 
It is 


particularly 
well 
suited 
for 
driving 
lamps. 
relays, 
and 


solenoids in automotive and industrial control applications 
where 
voltage 
and 
current 
over-load 
protection 
at high 


temperatures is required. The HIP1030 is supplied in a 5 lead 
TO-220 Power SIP package. 


PART 
TEMPERATURE 
PACKAGE 
AND 
NUMBER 
RANGE 
LEAD FORM 


HIP1030AS 
-4O"C to +12SoC 
S Pin Plastic SIP 
(S Lead TO-220) 


To-220 
5 LEAD 
TOP VIEW 
[~K=:JIII15 
VIN (CONTROL) 
4GND 
o 
3TABGND 
2 VOUT(LOAD) 
, Va.lTT 
(VCC) 


r··----------. 
------f ,,,,, 


: VOUT 
, 2 


, 


L- -- - - - --- - - - - -- - - - -- - - - - -J:---------------------~~~: 
~~-_. 


~ 
TAB 
4 
CHIP 


CAUTION: 
These 
d8llices 
ere sens~ive 
to electrostetic 
discharge. 
Users should lollow proper 
I.C. Handling 
Procedures. 
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Absolute 
Maximum Ratings 


Continuous 
Supply Voltage 
........•................... 
2SV 
Input Voltage, V1N 
-lV to +7V 
load 
Current, lOUT' ...............•..• 
Internally limiting 
1.4A 
load 
Dump (Survival) 
....................•............ 
±80Vpk 


NOTE: 
Pd = (Vcc - VOUT)(10UT)+ (VCC)(lGNO) 
T1= TA + (Pd)(Thermal 
Resistance) 


Electrical 
Specifications 
TA= -40°C to +12SoC. V1N= 2V; lOUT= O.SA, Unless Otherwise Specified 


Thermal Resistance 
(9-JC)' 
•••.•••••.••.•••.•••••••••. 
.4°CIW 
Junction Temperature 
.......••.••....•••.•..•.••••.• 
150°C 
Ambient Operating Temperature 
-4Q°C to +12SoC 
Storage Temperature 
-40oC to+15OoC 
lead 
Temperature (Soldering 
105 maxI ••••••.••..••.••. 
265°C 


LIMITS 


PARAMETER 
SYMBOL 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Operating Vo~age Range 
Vcc 
4.S 
- 
24 
V 


Over-Voltage 
Shutdown 
Vovso 
26 
- 
36 
V 


Over-Temperature 
limiting 
TUM1T 
- 
150 
- 
°C 


Negative Pulse Output Clamp 
VCLAMP 
Vcc 
- 
Vcc - 28 
V 
Voltage 


Input Bias Current 
IIN 
V1N= 0.8V 
- 
- 
30 
jIA 


Input Control OFF 
V1L 
- 
0.8 
V 


Input Control ON 
V1H 
2.0 
- 
- 
V 


Short Circuit Current limiting 
Isc 
-1.4 
- 
-3.0 
A 


Supply Current - Full load 
ICCMa>< 
lOUT= lA 
- 
1.1 
A 


Supply Current - No load 
laulENscENT 
V1N= OV; lOUT= OA; VCC= 
- 
- 
100 
jIA 
12V 


Output Saturation 
Voltage 
VSAT 
lOUT= lA 
- 
- 
100 
jIA 


Output leakage 
IOFF 
V1N= 0.8V 
-SO 
- 
- 
jIA 


(VBATT) 
S 


~ 
~_ 
_________ 
_________ _H~~~~~~__. 


TAB 
CHIP 
LOGIC SWITCH 
3 
4 


TOV1N 
-=- 


~ 
RELAYS 
SOLENOIDS 
LAMPS 
MOTORS 


""""a:w 
W:z: 
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HARRIS 
SEMICONDUCTOR 
HIP2500 


Description 


The HIP2500 is a high voltage integrated circuit (HVIC) 
optimized to drive MOS gated power devices 
in half- 


bridge topologies. 
It provides the necessary 
control for 


PWM motor drive, power supply, and UPS applications. 


• Maximum 
Rating 
..••••••••••••••••••••••••.•• 
SOOV 


• Ability 
to Interface 
and Drive N-Channel 
Power Devices 


• Floating 
Bootstrap 
Power Supply for Upper Rail Drive 


• CMOS 
S4chmltt·Trlggered 
Inputs 
with 
Hysteresis 
and 
Pull-Down 


• 
100kHz Operation 


• Single Low Current 
Bias Supply Operation 
•••• 
7mA Typ 


• 
latCh-Up 
Immune CMOS Logic 


• Peak Drive. • . • . . • • • . • . . . . . • . . . . . . . . • . . .. 
Up to 2.0A 


• Gate Drive Switching 
Time •.••••.••••••.• 
< 150ns Typ 


Applications 


• High Frequency 
Switch-Mode 
Power Supply 


• Induction 
Heating and Welding 


• Switch Mode Amplifiers 


• AC and DC Motor Drives 


• Electronic 
Lamp Ballasts 


• Battery Chargers 


• UPS Inverters 


PART 
TEMPERATURE 
PACKAGE 


HIP2500lP 
-40oC to +85°C 
14 Lead PlasticDIP 


14 PIN PLASTIC DIP 
TOP VIEW 


CAUTION: 
These d9llices 
are sens~ive 
to electrostatic 
discharge. 
Users should follow proper 
I.C. Handling 
Procedures. 


Copyright © Harris Corporation 
1992 


Absolute 
Maximum Ratings 
FullT8IllJ9I'Ilture Range Unless 
OtherNise Noted, AI Voltages Referenced to Vss Unless OtherNise Noted. 


Floating Supply Voltage, VB ........•..••.• 
Vs-o.5V to Vs+16.5V 
(Positive Terminal) 
Floating Supply Voltage, Vs ••..•.........•••••........ 
SOOV 
(Common Terminal) 
High Side Channel Output Voltage, VHO 
•••••••• 
-0.5V to VB+O.5V 
Fixed Supply Voltage, Vcc .•...........•.••.••. 
-o.5V to 16.5V 
Low Side Channel OUtput Voltage, VLO •••••••• 
-o.5V to Vcc+O.5V 
Logic Supply Voltage, Voo ...•..•.•............ 
-o.5Vto 
16.5V 
Logic Input Voltage, V1N 
•••••••••••••••••••• 
-o.5V to Voo+O.5V 
(HIN, UN & SO (Shutdown)) 


CAUTION: Stresses abo ••• those list9d in "Absolut9 Maximum RaUngs" may cause permanent damage to the device. This is a stress only fBUng and Op9fBtion 
of the device at these or any other conditions ab0Y9 th0S9 indicat9d in the Op9fBtionaJS9CUonSof this specification is not implied. 


Thermal Resistance, Junction-to-Ambient 
9ja 


Plastic DIP Package 
. . . . . • . . . . . • . . • • . . . . . . . . 
75°CfW 
Maximum Package Power Dissipation at +85OC 
Plastic DIP Package 
.•.•...........•••••......... 
SOOmW 
Maximum Junction Temperature 
Range 
-40"C to +125°C 
Storage Temperature 
Range, Ts ..........•••.• 
-40"C to +1SOOC 
Operating Ambient Temperature 
Range, TA 
••••••• 
-40"C to +85°C 


Recommended 
DC Operating Conditions 


Floating Supply Voltage, VB •...•.•..•...... 
Vs+l0V 
to Vs+15V 
(Floating Terminal) 
High Side Channel Output Voltage, VHO 
•••••••••••••• 
10V to VB 
(With Respect to Vs) 
Fixed Supply Voltage, Vcc .............•.••.••.... 
10V to 15V 


Low Side Channel OUtput Voltage, VLO .........•.... 
OV to Vcc 


Logic Supply Voltage, Voo ••..••.•..............•. 
4V to Vcc 
Floating Supply Voltage, Vs •••.•............... 
-4.0V to 500V 
(Common Terminal) 


PARAMETER 
SYMBOL 
MIN 
TVP 
MAX 
UNITS 


DC CHARACTERISTICS 


Quiescent Vcc Current 
lacc 
1.4 
1.7 
mA 


Quiescent VBS Current 
laBS 
290 
400 
llA 


Quiescent Voo Current 
laoo 
- 
0.1 
1 
llA 


Logic Input Bias Current, V1N = Voo (HIN, UN, SO) 
IN+ 
- 
12 
20 
j.lA 


Logic Input Leakage Current, V1N = Vss (HIN, UN, SO) 
IN- 
0 
1 
llA 


Logic Input Positive Going Threshold 
VTH+ 
7.5 
8.0 
8.5 
V 


Logic Input Negative Going Threshold 
VTH- 
5.5 
5.9 
6.3 
V 


Undervoltage 
Positive Going Threshold 
UV+ 
6.8 
9.3 
9.85 
V 


Undervoltage 
Negative Going Threshold 
UV- 
6.3 
8.2 
9.5 
V 


OUtput High Open Circuit Voltage (HO, LO) 
Vour+ 
- 
15 
V 


OUtput Low Open Circuit Voltage (HO, LO) 
Vour 
- 
- 
0.1 
V 


OUtput High Short Circuit Current (Sourcing) 
lour+ 
1.9 
2.3 
- 
A 


Output Low Short Circuit Current (Sinking) 
lour 
2 
2.5 
- 
A 


."." 
a:w 
W:c 
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PARAMETER 
SYMBOL 
MIN 
TYP 
MAX 
UNITS 


HIGH SIDE CHANNEL WITH 500V OFFSET, CL = 1000pF 


High Side Turn-On Propagation 
Delay 
ioN 
350 
420 
500 
os 


High Side Turn-Off Propagation 
Delay 
'oFF 
300 
365 
450 
ns 


High Side Turn-On Rise TIme 
!R 
20 
28 
35 
ns 


High Side Turn-Off Fall Time 
IF 
20 
28 
35 
os 


LOW SIDE CHANNEL, 
CL = 1000pF 


Low Side Turn-on Propagation 
Delay 
ioN 
275 
350 
425 
os 


Low Side Turn-off Propagation 
Delay 
'oFF 
225 
275 
330 
ns 


Low Side Turn-on Rise TIme 
!R 
20 
27 
35 
os 


Low Side Turn-off Fall TIme 
IF 
20 
27 
35 
ns 


Shutdown Propagation 
Delay 


High Side Shutdown 
tSOHO 
300 
385 
450 
ns 


Low Side Shutdown 
tsoLo 
240 
300 
360 
os 


HIGH SIDE CHANNEL WITH 500V OFFSET, CL = 1000pF 


Propagation 
Delay Matching (Between HO and LO) 
Mt 
0 
- 
75 
ns 


Minimum On Output Pulse Width (HO, LO) 
PWOUT(MIN) 
- 
35 
50 
ns 


Minimum Input Pulse Width (ON) 
PWON(MIN) 
- 
200 
250 
ns 


Minimum Input Pulse Width (OFF) 
PWOFF(MIN) 
- 
245 
350 
ns 


Deadtime LO Turn-off to HO Turn-on 
DHIoN 
125 
145 
170 
ns 


Deadtime HO Turn-off to LO Turn-on 
DLIoN 
15 
25 
120 
ns 


MAXIMUM TRANSIENT 
CONDITIONS 


Offset Supply Operating Transient 
dVs/dt 
- 
- 
50 
V/ns 


HIN 
LIN 
UVH 
UVL 
SO 
HO 
LO 
COMMENTS 


0 
0 
0 
0 
0 
0 
0 
Normal Off 


0 
1 
0 
0 
0 
0 
1 
Lower On 


1 
0 
0 
0 
0 
1 
0 
Upper On 


1 
1 
0 
0 
0 
1 
1 
Both On 


X 
X 
X 
X 
1 
0 
0 
Chip Disabled 


X 
X 
1 
1 
X 
0 
0 
Vcc UV Lockout and Vas Lockout 


X 
1 
1 
0 
0 
0 
1 
Vas UV Lockout 


1 
X 
0 
1 
0 
1 
0 
Vcc UV Lockout 


Features 


• Two Independent 
1/2 H-Swltch 
Drivers 


• Single Supply •••...•.••••••••••••.•.• 
+4V to +15V 


• Dual Supplies 
±2V to ±7.5V 


• Switching 
Capabilities 
••••••••••••••...•..••• 
0.5A 


• CMOS Input (TTL Compatible) 


• Complementary 
(CMOS) Switching 
Circuit 


• Over-Temperature 
Protection 


• Current·Overload 
Protection 


• "Dynamic 
Braking" 
Circuit 


• 
RdsON 
•••••••••••••••• 
0.50 per Switching 
MOSFET 


• Motor Control 


• Relay Driver 


• Solenoid 
Driver 


• Stepper Motors 


TEMPERATURE 
PACKAGE 
& 
PART NUMBER 
RANGE 
LEAD FORM 


HIP4010MP 
-55"C to +125°C 
16 Lead DIP 


HIP4010 


Description 


In the Functional Block Diagram of the HIP4010 the four 
switches and a load are arranged in an H-configuration 
so 
that the polarity of the dc supply voltage (from terminals 


VODA 
and VSSA) applied to the load can be selected 
by 


switching; thereby directing the flow of load current in either 
direction. This is commonly known as 4-quadrant load con- 
trol. As drawn in the Functional Block Diagram, switches P1 
and N2 are ·closed;" when current flows from VODA through 
P1, through the load, and then through N2 to terminal VSSA; 
where 
load terminal 
OUT1 is at a positive potential 
with 


respect to OUT2. Switches P1 and N2 are operated syn· 
chronously by the control logic. The control logic switches P2 
and N1 to an ·open" state when P1 and N2 are ·ON". When 
the switch states are reversed, P1 and N2 are open and N1 
and P2 are closed. Consequently, current then flows from 
VODA through P2, through the load, and through N1 to termi- 
nal VSSA' where load terminal OUT2 is then at a positive 
potential with respect to OUT1. 


The HIP4010 POWER H-Switch is designed in a high speed 
BiMOS-E technology, using both CMOS and bipolar transis- 
tors. The BiMOS-E process adds a drain extension implant 
to 3~ poly-gate 
CMOS transistors, 
enhancing 
the device 
voltage capabilities. Vertical bipolar transistors, having high 
gain-bandwidth 
and transconductance, 
are standard in the 
BiMOS-E technology. 


The HIP4010 POWER H-Switch is available in a 16 Lead 
Dual-in-Line Plastic Package with heat spreading frame con- 
struction to enhance thermal dissipation. Under normal con- 
ditions, the HIP4010 can dissipate 1.5W (typ.) in free air at 
+60oC and can dissipate 1.5W (typ.) at +105°C with a PC- 
Board as a heat-sink. 


16 LEAD DUAL-IN-LINE 
PLASTIC 
PACKAGE 
TOP VIEW 


Functional Truth Table 


HIP4010 H-SWITCH 


SWITCH DRIVER 1 
SWITCH DRIVER 2 


INPUTS 
OUTPUT 
INPUTS 
OUTPUT 


P1 
N1 
EN1 
OUT1 
P2B 
N2 
EN2 
OUT2 


H 
L 
H 
OH 
L 
L 
H 
OH 


L 
L 
H 
OL 
H 
L 
H 
OL 


H 
H 
H 
OL 
L 
H 
H 
OL 


L 
H 
H 
OL 
H 
H 
H 
OL 


X 
X 
L 
Z 
L 
H 
H 
OL 


1 
Voo 


1 
VOOA2 


EN2 


1 
OUT2 


L = Low logic level; H = High logic level 
Z = High Impedance (off state) 
OH = Output High (sourcing current to the output terminal) 


NOTE: Terminals 4, 5, 12 and 13 are interconnected 
OL = Output Low (sinking current from the output terminal) 
X = Don't care 


CAUTION:Thesed9\licesaresensitivetoelectrostaticdischarge.UsersshouldfollowproperI.C.HandlingProcedures. 
Copyright© HarrisCorporation1992 


•••••• 
C:w 
w:J: 
~c..> 
c: l- 
e- 
c:::: 
w ••• 
:::c 
OZ 
0..< 


DC Supply Voltage (Between V~~'ilOd Vss Terminals) 
.. : .... 
16V 
DC Input Voltage 
......•....•.........•.............. 
16V 
Input Terminal Current 
..•........•.................•.. 
1mA 
Recommended 
DC Operating Voltage Range 
(Voo to VSS, VooAlto 
VS$Al, VooA2to VS$A2)..... 
+4V to +15V 
Operating Temperature 
Range ..•.•..•.......• 
-55°C to +125°C 
Junction Temperature, TJ .•••..........•.••.••...... 
+15OoC 
Lead Temperature (During Soldering) 
...•.•......•.... 
+265°C 


CAUTION: Stresses abo •••••those listed in ·Absolute Maximum Ralings· may cause permanent damage to tha device. This is a stress only lilting and OPBlIltion 
of the device at these or any other conditions abo •••••those indica tad in the op9l1ltional sactions of this specification is not implied. 


Ab<;~e;ijo;C" 
:~~: .:.::::::::::: 
:D~~~t~'li~~riy ~i;6:6~~f; 


Up to +90oC, with Heat Sink (PC Board) •..............• 
1.5W 
Above +90oC 
......•.•.•..•.•.. 
Derate linearly at 25mWf'C 


Maxirrum Thermal Resistance (Free Ai,.) JlxlcIion-to-Air 
..•• 
+«f'CNII 


• In free air, the junction-to-air 
thermal resistance 
(RaJA)is typically 


+50oCrN. This coefficient can be lowered to 400CrN by suitable 
design of the PC board to Which the HIP4010 package is soldered. 


Typical 
Values 
Intended 
Only for Design 
Guidance 
TA =+25°C, 
VooAl, VoDA2, and Voo = +12V; VS$Al, VsSA2, and 
Vss = OV, Unless Otherwise Specified 


PARAMETERS 
SYMBOL 
TEST CONDITIONS 
TYPICAL 
VALUES 
UNITS 


Output Current 
0.5 
A 


Input Resistance 
0.5 
Tn 


Saturation Voltage IS1NK= 0.5A 
VSAT 
0.25 
V 


Response Time Rise 
t, 
Cl = 5pF 
1.0 
I1S 


Response Time Fall 
t, 
Rl= 
lMn 
0.2 
I1S 


LIMITS 


PARAMETERS 
SYMBOL 
MIN 
TYP 
MAX 
UNITS 


VooAl, VooA2, and Voo = +12V: 


Input Current 
Cll 
40 
50 
pA 


Input Voltage Range 
VI 
0.0 
- 
12.0 
V 


Idle Supply Current; 'OUT= 0 
ISUPPlY 
- 
10 
15 
mA 


Output Voltage High; (VSAT)ISOURCE= 0.5A 
VOH 
11.65 
11.7 
11.75 
V 


Output Voltage Low; (VSAT)ISINK= 0.5A 
VOL 
0.25 
0.30 
0.35 
V 


Response Time Rising Edge 
loR 
- 
1.0 
TBE 
I1S 


Response Time Falling Edge 
IoF 
- 
0.1 
TBE 
I1S 


Output Source Current 
- 
500 
530 
mA 


Output Sink Current 
450 
500 
530 
mA 


VOOA1, VooA2, and Voo = +5V: 


Input Current 
Cll 
- 
40 
50 
pA 


Input Voltage Range 
VI 
0.0 
- 
5.0 
V 


Idle Supply Current; lOUT= 0 
ISUPPlY 
- 
3.0 
4.0 
mA 


Output Voltage High; ISOURCE= 0.5A 
VOH 
4.55 
4.6 
4.65 
V 


Output Voltage Low; (VSAT)ISINK= 0.5A 
VOL 
0.35 
0.40 
0.45 
V 


Response Time Rising Edge 
loR 
- 
1.0 
TBE 
I1S 


Response Time Falling Edge 
IoF 
- 
0.1 
TBE 
I1S 


OUtput Source Current 
450 
500 
530 
mA 


Output Sink Current 
450 
500 
530 
mA 


Application 


The 
Functional 
Block 
Diagram 
shows 
an 
application 
block 
diagram 
of a motor-driver 
circuit 
using 
HIP4010 
as a "Full" 
H-Switch. 
The 
"left" 
and 
"right" 
H-Switch's 
are 
driven 
from 


the control 
input 
terminals 
to the output 
switching 
transistors 
of the 
HIP4010. 
The 
circuit 
is intended 
to safely 
start, 
stop, 
and 
provide 
control 
of rotational 
direction 
for a motor 
requir- 
ing no more 
than 
0.5 A of supply 
current. 
The 
stop 
function 


includes 
a "dynamic 
braking" 
feature. 


With the "ENABLE" 
terminal 
LOW, MOSFET 
Switches 
Pl 
and 
P2 are "off;" 
i.e., supply 
current 
is cut off. With 
the "BRAKE" 
terminal 
LOW 
and "ENABLE" 
transitioned 
HIGH, 
either 
Pl, 
N2 
or 
P2, 
Nl 
can 
be 
driven 
into 
conduction; 
the 
CMOS-pair 
chosen 
for conduction 
is determined 
by the logic level applied 


to the "DIRECTION" 
terminal; 
resutting 
in either clockwise 
(CW) 


or counterclockwise 
(CCW) 
shaft 
rotation. 
When 
the "BRAKE" 


terminal 
is transitioned 
HIGH 
(while holding 
ENABLE 
at HIGH), 


the gates 
of both 
Nl 
and N2 are driven 
HIGH. 
Thus, 
if current 


was flowing 
through 
Nl 
(from the motor 
terminal 
OUT1) 
at the 
moment 
of "dynamic 
braking;' 
it would 
continue 
to flow through 


Nl 
to 
the 
VSSAlNSSA2 
external 
ground 
tie, 
then 
continue 
through 
diode D4 to motor terminal 
OUT2; 
the resistance 
of the 
motor 
winding 
(and the series-connected 
path) 
dissipates 
the 


kinetic 
energy 
stored 
in the system. 
Reversing 
rotation, 
current 
flowing 
through 
N2 
(from 
the 
motor 
terminal 
OUT2), 
at the 


moment 
of "dynamic 
braking", 
would 
continue 
to flow through 


N2 to the VSSA2NSSA 1 tie, then 
continue 
through 
diode 
02 
to 
the motor 
terminal 
OUT1, 
to dissipate 
the stored 
kinetic 
energy 


as previously 
described. 


P2B 


N2 
CONTROL 
LOGICB 


-, 
·······:, 
·•········•······•, 
·· 
.......... ~ 


VOOAl 
PositiVe terminal-pin 
for power-supply; 
VOOA1 is internally connected to VooA2 and Voo. 


VooA2 
Positive terminal-pin 
for power-supply; 
VooA2 is internally connected to VOOA1 and Voo. 


Voo 
Positive terminal-pin 
for power-supply 
suited to digital circuits; Voo is internally connected 
to VOOA1 and VooA2. 


VssA1 
Negative terminal-pin 
for power-supply; 
used in conjunction with Switch Driver 1. 


VssA2 
Negative terminal-pin 
for power-supply; 
used in conjunction with Switch Driver 2. 


Vss 
NegatiVe terminal-pin 
for power-supply 
suited for digital circuits. 


P1,P2B 
Input pins used to control the direction of output current flow in Switch Driver 1 and Switch Driver 2, respectively. 


N1, N2 
Input pins used to activate the Dynamic Braking of Switch Driver 1 and Switch Driver 2, respectively. 


EN1, EN2 
Input pins used to enable Switch Driver 1 and Switch Driver 2, respectively. 


OUT1,OUT2 
Output pins for Switch Driver 1 and Switch Driver 2, respectively. 


ILF 
Output pin (flag); high logic level signify that Switch Driver1, Switch Driver2, or both are in "Current Umir 
state 


NOTES: 


1. Terminals P1, P2, N1, N2, P2B, EN1 and EN2 are internally connected to protection circuits intended to guard the CMOS gate-oxides 
against damage due to electrostatic 
discharge. However, these devices are sensitive to electrostatic 
discharge. Proper I.C. handling pro- 


cedures should be followed. 


2. For maintenance 
of performance 
and reliability, Harris Semiconductor 
strongly recommends 
that the "IC Handling Procedures", 
located 


in Section 1 of the current Analog Products Data Book, be followed closely by any activity involved with IC products. 
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HARRIS 
SEMICONDUCTOR 
HIP4011 


Features 


• 3A DC, SA Peak Output 
Current 


• 16V Max. Rated Supply Voltage 


• Built-In 
"Free-Wheeling" 
Diodes 


• Output cMdt Umlted 
to Reduce EMI 


• External 
Dynamic 
Brake Control 
Switch With 
Undervoltage 
sense 


• Thermal 
& Current 
Limiting 
Protects 
Against 
Locked 
Rotor Conditions 


• Provides 
Analog 
Current 
Sense & Reference 
Inputs 


• Decode Logic with Illegal Code Rejection 


Applications 


• Drive Spindle 
Motor Controller 


• 3$ Brushless 
DC Motor Controller 


• Brushless 
DC Motor 
Driver for 12V Battery 
Powered 
Appliances 


• 
Phased Driver for 12V DC Applications 


• Logic 
Controlled 
Driver 
for 
Solenoids, 
Relays 
& 
Lamps 


Description 


The 
HIP4011 
motor 
driver 
is intended 
for three 
phase 
brush less motor control at continuous output currents up to 
3A. II accepts inputs from buffered Hall effect sensors and 
drives three motor windings, regulating the current through 
an external current sensing resistor, according to an analog 
control input. Output 'freewheeling' 
diodes are built in and 
output 
dv/dt 
is limited 
to decrease 
the 
generated 
EM!. 


Thermal and current limiting are used to protect the device 
from locked rotor conditions. A brake control input forces all 
outputs 
to 
ground 
simultaneously 
to 
provide 
dynamic 
braking, and an internal voltage sensor does the same when 
the supply drops below a predetermined switch point. Power 
down braking energy is stored in an external capacitor. 


PART 
TEMPERATURE 
NUMBER 
RANGE 
PACKAGE 


HIP4011IS 
-4Q°C to +85°C 
15 Lead Power SIP 


SGND 
•• SIGNAL 
GROUND 
SPD 
•• SPEED 
CONTROL 
SV+ 
•• SIGNAL 
V+ 
ISEN 
•• ISENSE 
OUTA 
•• OUTPUT 
A 
BCAP 
•• BRAKING 
CAPACITOR 
PV+ 
•• POINER V+ 
OUTS 
•• OUTPUT 
B 
ISEN 
•• ISENSE 
FBRK 
•• FORCED 
BRAKE 
OUTC 
•• OUTPUT 
C 
PV+ 
= POINER V+ 
SENC 
•• SENSE 
INPUT C 
SENB 
•• SENSE 
INPUT 
B 
SENA 
•• SENSE 
INPUT A 


PGNDPIN 
(TAB) MUST BE 


ELECTRICALLY 
CONNECTED 


FORCE 
SENSOR 
BRAKE 
INPUTS 
INPUT' 
OUTPUTS 


A 
B 
C 
FBRK 
A 
B 
C 


0 
0 
0 
0 
OFF 
OFF 
OFF 


1 
0 
0 
0 
1 
OFF 
0 


0 
1 
0 
0 
0 
1 
OFF 


1 
1 
0 
0 
OFF 
1 
0 


0 
0 
1 
0 
OFF 
0 
1 


1 
0 
1 
0 
1 
0 
OFF 


0 
1 
1 
0 
0 
OFF 
1 


1 
1 
1 
0 
OFF 
OFF 
OFF 


X 
X 
X 
1 
0 
0 
0 


, Undervoltage 
and Force Brake logic truth table 
entries are identical. 


ox" = Don't Care 


CAUTION: 
Thesa 
dBllices 
ara sans~iva 
to alectrostatic 
discharge. 
Users should follow proper 
I.C. Handling 
Procedures. 


Copyright © Harris Corporation 
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DlsslpationlTemperature 
Ratings 


Power Dissipation (Note 3) •.........•••••••••••••..... 
25W 


Junction Temperature Range, Operating 
•.••.•••••••.•. 
+15O"C 


Storage Temperature Range ....••••.••....... 
-55°C to +150°C 


Absolute 
Maximum Ratings 


Supply Voltage, SV+ or PV+ ••••....•••.•••......• 
-W to +16V 
Referred to SGND or PGND (Note 1) 
Output Current, Continuous 
.•..••..•......•••••••......• 
3A 
Output Current, Peak (Note 2) ..••.••.••.•...•••.••••••.• 
5A 
Substrate (PGND) Current ••.•......•..•.•••..•.....•.•• 
lA 
Logic Input Current. 
•.•.....•••••.......•••• 
-20mA to +20mA 
(Clamped to SV+ and SGND) 


NOTES: 


1. PV+ and SV+ are to be tied together, as are PGND and SGND. 


2. Operating above the continuous 
current rating causes a decrease In operating life. 


3. Derate power dissipation 
above case temperature 
of +75°C at 0.33 Wattsl"C. 


CAUTION: 
Str8SS8S above those listed in "Absolute 
Meximum 
Ratings" 
may cause permanent 
damage 
to thB davies. 
This Is a stress only /Bting and op8/Btion 


of the device at thase or eny other conditions 
above those indicated 
in thB op6/BtionaJ saclions 
of this spacificstion 
is not implied. 


LIMITS 


CHARACTERISTIC 
TEST CONDITION 
MIN 
TYP 
MAX 
UNITS 


SUPPLY (SV+) CURRENT 


No Drive 
Outputs Off 
10 
mA 


Wnh Drive 
Outputs On 
15 
mA 


LOGIC INPUT CURRENT 
~ 


Sensor Inputs 
SENA, SENB & SENC = OV to 3V 
-0.5 
-1.5 
mA 


Brake Input 
FBRK = 0.8V to 2.4V 
50 
150 
IIA 


LOGIC INPUT THRESHOLDS 


Sensor Inputs 
Logic "0" 
Input Voltage 
1.8 
V 


Sensor Inputs 
Logic ·1" Input Voltage 
3 
V 


Brake Input 
Logic "0" Input Voltage 
0.8 
V 


Brake Input 
Logic "1" Input Voltage 
2.4 
V 


AMPLIFIER 
INPUT (SPD) 


Bias Current 
- 
700 
nA 


Offset Voltage 
, 
3 
mV 


Input Range (Linear) 
0 
1 
V 


Input Impedance 
1 
Mn 


SYSTEM BANDWIDTH 
(Note 1) 
35 
kHz 


CURRENT LIMIT 
Rsense = 0.20n 
5 
A 


THERMAL 
LIMIT 
~ 


Threshold 
155 
I 
°C 


Hysteresis 
40 
°C 


OUTPUT DRIVERS 


On Saturation 
(See Note 5) 
lout = 3A, Vpmos + Vnmos 
2.2 
V 


On Saturation 
(See Note 5) 
lout = 0.6A, Vpmos + Vnmos 
0.44 
V 


Off Leakage 
PV+ > Vout > PGND or lsen 
1 
mA 


Slew Rate 
(See Note 2) 
0.5 
VIlIS 


FREEWHEEL 
DIODES 


Forward Drop 
lout = lA 


" 
I 
1.5 
V 


"""" 
a::w 
w:r 
~c.:> 
a:: 
I- 
0- 
a::== 
w"" 
==0 
OZ 
0..< 


LIMITS 


CHARACTERISTIC 
TEST CONDITION 
MIN 
TYP 
MAX 
UNITS 


INTERNAL BRAKE DRIVER 


Undervo~age Trip Point, PV+ 
(See Note 3) 
2.7 
3.3 
V 


Hysteresis 
(See Note 4) 
40 
60 
0/0 


On Saturation 
Each Nmos, lout = 3A 
0.4 
V 


BRAKE CAPACITOR 
(BCAP) 


Discharge Leakage 
SV+ = PV+ = 3V to 12V, BCAP = 10V 
5 
1IA 


NOTES: 


1. The system bandwidth 
is fixed by an Internal RC network around the amplifier. 


2. Internal limiting of tum on and turn off drive is used to limit output dv/dt. 


3. The braking action starts at the given trip point with a falling supply voltage. 


4. Hysteresis causes the brake to be removed at a higher trip point with a rising supply voltage. 


5. This value includes the combined voltage drops of one upper pius one lower switch at the indicated current. 


Functional Block Diagram 


SIGNAL 
,---------- 
- ------------------ 
------------------- 
------- 
-------- 
•.•BCAP 


V+ 
13 
:10 
,, 
:4 PV+ 
'8 PV+ 


BRAKE 
..:r.. CAP. 


DECODE 
LOGIC 
WITH 
ILLEGAL 
CODE 
REJECTION 


• High 
Voltage 
Capability; 
Bootstrap 
Supply 
Max 
Voltage to 95VDC 


• 
Bus Voltage 
....••••••••••••.••..•••.•• 
SOV(Max) 


• Small Surface Mount Package 


• Drives 1000pF Load at 450KHz In Free Air at 50°C with 
Rise and Fall Times of Typically 
10ns 


• User-Programmable 
Dead Time 


• Drives 4 N-Channel 
Devices In H-Brldge 
Configuration 


• On-chlp 
Charge-Pumps 
Maintain 
Bootstrap 
Supplies 


• HEN Pin can PWM Uppar Switches 
Only 


• HEN (High 
Enable) 
and 
DIS (Disable) 
Pins Override 
Input Control 


• Proprietary 
Circuitry 
Minimizes 
On-Chip 
Switching 
Losses 


• Input Logic Thresholds 
Compatible 
with 5 and 15 volt 
Logic Levels 


• On-ehlp 
Control 
Circuit 
Initializes 
Bootstrap 
Capaci- 
tors upon Chip Enable 


Applications 


• MedlumfLarge 
Voice Coil Motors 


• H-Brldge 
Power Supplies 


• 
Digital Power Amplifiers 
for HI-FI systems 


• High Speed Stepper Motor controls 


HIP40BO 


Description 


The HIP4080 is a high frequency, medium voltage H-Bridge 
N-Channel MOSFET driver IC, packaged in a 20 or 24 pin 
plastic 
SOIC. Due to its ability 
to switch at frequencies 
greater than 500KHz, the HIP4080 is particularly well suited 
for driving Voice Coil Motors for medium and large computer 
disk drives, switching amplifiers in high-efficiency 
switching 
audio amplifiers and H-Bridge power supplies depending on 
load and cooling techniques. 


Short propagation delays of approximately 
70ns and dead 
times of typically 40ns coupled with "minimum on times" of 
about 100ns allow a nearly distortionless, ripple-free current 
waveform and maximum control loop crossover frequencies 
providing rapid, fine control of the driven load. 


HIP40BO can also drive any small, medium voltage brush 
motor, and two HIP40BOs can be used to drive high perfor- 
mance stepper motors, since the short minimum "on-time" 
can provide fine micro-stepping capability. 


PART NUMBER 
TEMPERATURE 
PACKAGE 


HIP4080IP 
-40"C to +85°C 
20 Pin Plastic DIP 


HIP4080IB 
-40"C to +85°C 
20 Pin Plastic SOIC 


20 PIN PLASTIC 
DIP 
2OPINSOIC 
"'", 
TOP VIEW 
11:", 
"':I: 
2:u 
11:1- 
C 
- 
BHO 
11:3: 
",'" 
BHS 
3:0 
OZ 
BlO 
ll.< 


BlS 


Voo 


vcc 
AlS 


AlO 


AHS 


AHB 
11 
AHO 


CAUTION: 
These d9llices 
are sensitive 
to electrostatic 
discharge. 
Users should follow proper 
I.C. Handling 
Procedures. 
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BHO 


BHS 
• 
BLO 


BLS 


Voo 


6V 
Vcc 
ALS 
IN 
ALO 


AHS 
10 AHB 
AHO 


Absolute 
Maximum Ratings 


Supply Voltage, Voo and Vcc' 
.....••.••......... 
-{).3V to 16V 
Input, OUtput or VO Voltage ..•..•........... 
-{).3V to Voo+O.3V 
Voltage on AHS, BHS ....•..•......... 
-2.0V (Translent) to aov 
Voltage on ALS, BLS •...... 
-2.0V (Transient) to +2.0V (Translent) 
Voltage on AHB, BHB •.•.•...... 
VAIls. BHs-{).3V to VAIls. BHS+16V 
Voltage on ALO, BLO 
VALS,BlS-{).3V to Vcc+O.3V 
Voltage on AHO, BHO ........• 
VAHS,BHs-0.3V to VAHB,BHB+O.3V 


NOTE: 


1. Derate power dissipation 
above ambient temperature 
of 2SoC by 7mWf'C. 
Pcbs = 0.144 + 0.2e~ fPWM + 2 VCC2 CL (fpWM 
+ fOIR) where 
fpWM = pwm frequency 
and fOIR = direction change frequency (in Hertz) CL = load capacitance 
(in Farads) 


CAUTION: 
StrBSSes abOl'll th0s8/isted 
in 'Absolute 
Maximum 
Ratings' 
may cause 
permanent 
damage 
to the davice. 
This is a strBSS only rating and operation 


0/ the device at these or any other conditions 
abOl'8 those indica tad in the operational 
sactions 
of this spacification 
is not implied. 


Input Current, HDEL and LDEL. .•................ 
-SmA to 0mA 
Phase Slew Rate .•.•..•.••.................•...•..• 
20Vlns 


Storage Temperature Range ..•............... 
-6SoC to +150°C 


Lead Temperature (Soldering 
105) .........••......... 
+3OOoC 


Maximum Package Power Dissipation at +2SoC (Note 1) 
SOIC Package .........•........................ 
7S0mW 


Operating Conditions 


Supply Voltage, Vooand 
Vcc 
+10Vto+1SV 
Voltage on ALS, BLS ...........•..•..•......... 
·1.0V +1.0V 
VoltageonAHS,BHS 
.................•.......•.. 
-lVt07SV 


Voltage on AHB, BHB 
VAIls,BHs+l0V 
to VAIlS,BHs+1SV 


Input Current, HDEL and LDEL. ........•..•..• 
-SOOIlA to -SO\lA 
Operating Temperature 
Range .•..•............ 
OOCto +12SoC 


Electrical 
Specifications 
Specifications 
apply over recommended 
operating conditions, 
Unless Otherwise Specified 


LIMITS 


CHARACTERISTIC 
SYMBOL 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


QUIESCENT 
SUPPLY CURRENTS 
(specified with static inputs that fully switch outputs) 


Voo Current 
100 
8 
12 
20 
mA 


Vcc Current 
Icc 
IALO= ISLO= 0 
0 
100 
200 
IIA 


AHB Current 
IAIlB 
IAHO= 0 
-40 
-20 
0 
IIA 


BHBCurrent 
IBHB 
IBHO= 0 
-40 
-20 
0 
IIA 


AHSCurrent 
IAHS 
IAHO= 0 
-S 
0 
1 
IIA 


BHSCurrent 
IBHS 
IBHO= 0 
-S 
0 
1 
IIA 


INPUT COMPARATOR 


Offset Voltage 
Vos 
-S 
0 
+S 
mV 


Input Bias Current 
liB 
0 
1 
4 
IIA 


Input Offset Current 
los 
-1 
0 
+1 
IIA 


Input Common Mode Voltage 
CMVR 
1 
- 
Voo-l.S 
V 
Range 


Voltage Gain 
AVOL 
10 
2S 
- 
V/mV 


OUTPUT (OUT) 


High Level Output Voltage 
VOH 
IN+>IN-, 10H= -30011A 
Voo·0.4 
- 
- 
V 


Low Level 
Output Voltage 
VOL 
IN+<IN-, 10L= 300llA 
- 
- 
0.4 
V 


High Level 
Output Current 
IOH 
Vour-VorJ2 
- 
- 
-2.4 
mA 


Low Level 
Output Current 
10L 
VOUT= VorJ2 
4.S 
- 
. 
mA 


DIS, HEN 


Low Level Input Threshold 
VTL 
1.4 
2.1 
. 
V 


Voltage 


High Level Input Threshold 
VTH 
- 
2.4 
2.7 
V 
Voltage 


Input Hysteresls 
VHYS 
. 
0.3 
- 
V 


GATE DRIVER OUTPUTS 


Peak Pullup Current 
10+ 
Vcc= 
12V 
- 
2 
- 
A 


Peak Pulldown Current 
10, 
Vcc= 
12V 
- 
2 
I 
- 
A 
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CHARACTERISTIC 
SYMBOL 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Minimum Input Pulse Width 
TpWlN 
IHDEL = -100 j1A 
- 
100 
- 
ns 
ILDEL = ·50 j1A 


Mimimum Output Pulse Width 
TPWOuT 
IHDEL = -100 j1A 
- 
100 
- 
ns 
ILDEL = -50 j1A 


HEN Prop. Delay 
TpHEN 
IHDEL = -100 j1A 
- 
70 
- 
ns 
ILDEL = -50 j1A 


Upper Prop. Delay (Turn-Off) 
TpH 
IHDEL = -100 j1A 
- 
70 
- 
ns 
ILDEL = -50 j1A 


Lower Prop. Delay (Turn-IoFF) 
TpL 
IHDEL = -100 IlA 
- 
70 
- 
ns 
ILDEL = -50 j1A 


DISable Prop. Delay 
Tpols 
IHDEL=-looIlA 
- 
150 
- 
ns 
ILDEL = -50 IlA 


Dead Time 
TOTLH 
IHDEL = -100 IlA 
- 
40 
- 
ns 
ILDEL = ·50 IlA 
Lower off toUpper on, 
CL = 1000 pF 


Dead Time 
TOTHL 
IHDEL = -100 IlA 
40 
- 
ns 
ILDEL = -50 IlA 
Upper off toLower on, 
CL = 1000 pF 


Rise Time 
TR 
CL=2500pf 
- 
20 
- 
ns 


CL=1000pf 
- 
10 
- 
ns 


Fall Time 
TF 
CL=2500pf 
- 
20 
- 
ns 


CL=1000pf 
- 
10 
. 
ns 


Features 


• 
Fast Fall Times •••.•.••••••••.•••. 
16ns at 10,OOOpF 


• No Supply Current 
In Quiescent 
State 


• Peak Source Current 
•••••••••.•••••••••••••••. 
6A 


• Peak Sink Current 
..•...•••••••...•.••••••••• 
30A 


• High Frequency 
Operation 
•••••••..••.••••• 
300kHz 


Applications 


• Switch Mode Power Supplies 


• DCIDC Converters 


• Motor Controllers 


• Uninterruptlble 
Power Supplies 


PART 
TEMPERATURE 
NUMBER 
RANGE 
PACKAGE 


HV400CP 
O"C to +7SoC 
8 Pin Plastic Mini-DIP 


HV400CB 
O"C to +7SoC 
8 Pin Plastic SOIC 


HV400lP 
-40"C to +8SoC 
8 Pin Plastic Mini-DIP 


HV400lB 
-4O"C to +85°C 
8 Pin Plastic SOIC 


HV400MJ/883* 
-55°C to +125°C 
8 PinCerDIP 


HV400Y 
+2SoC 
DICE 


HV400 


Description 


The HV400 is a single monolithic. non-inverting high current 
driver designed to drive large capacitive loads at high slew 
rates. The device is optimized for driving single or parallel 
connected 
N-channel 
power 
MOSFETs 
with 
total 
gate 
charge from 5nC to >1OOOnC.It features two output stages 
pinned out separately allowing independent 
control of the 
MOSFET gate rise and fall times. The current sourcing out- 
put stage is an NPN capable of 6A. An SCR provides over 
30A of current sinking. The HV400 achieves rise and fall 
times of 54ns and 16ns respectively driving a 10.000pF load. 


Special features are included in this part to provide a simple. 
high speed gate drive circuit for power 
MOSFETs. 
The 
HV400 requires no quiescent supply current. however. the 
input current is approximately 
15mA while in the high state. 


With the internal 
current steering 
diodes 
(pin 7) and an 
external capacitor. both the timing and MOSFET gate power 
come from the same pulse transformer; 
no special external 
supply is required for high side switches. No high voltage 
diode is required to charge the bootstrap capacitor. 


The HV400 in combination 
with the MOSFET 
and pulse 
transformer makes an isolated power switch building block 
for applications such as high side switches. secondary side 
regulation and synchronous rectification. The HV400 is also 
suitable for driving IGBTs. MCTs. BJTs and small GTOs. 


The HV400 is a type of buffer; it does not have input logic 
level switching threshold voltages. This single stage design 
achieves 
propagation 
delays 
of 20ns. 
The 
output 
NPN 
begins to source 
current 
when the voltage 
on pin 2 is 
approximately 2V more positive than the voltage at pin 8. 


The output SCR switches on when the input pin 2 voltage is 
1V more negative than the voltage at pins 3/6. Due to the 
use of the SCR for current sinking. once the output switches 
low. the input must not go high again until all the internal 
SCR charge has dissipated. 0.5~s - 1.5~s later. 


HV400 (PLASTIC 
MINI-DIP AND SOIC) 
TOP VIEW 


V+ SUPPLY0' SOURCEOUTPUT 


INPUT 2 
7 
DIODES 


SINKOUTPUT 3 
6 
SINKOUTPUT 


GND 4 
5 
GND 


PIN' 


PIN7 


PIN6 


CAUTION: 
These devices 
are sensitive 
to electrostatic 
discharge. 
Users should follow proper 
I.C. Handling 
Procedures. 


Copyright © Harris Corporation 
1992 
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Absolute Maximum Ratings 


Voltage Between Plnl 
and Pin 4/5 ••.••........•••••••... 
35V 
Thermal Resistance. 
• • . • • • . . . . . . . . . . . . . . 
9-1" 
9f, 
Input Voltage Pin 7 (Max) .••.••...........•.•..•. 
Pin 1 + 1.5V 
PDIP •. .. . .. .. .. .. • •. • •. • •. . •. ... 
93.I1'CIW 
31.5 CIW 
Input Voltage Pin 7 (Min) 
•.•.....••.••.••.••.••. 
Pin 4/5 -1.5V 
SOIC ..•.•.••.•.•..•..•.........• 
157.1°CIW 
42.ff'CIW 
Input Voltage Pin 2 to Pin 4/5 •.••••••.........••••.•.. 
+1- 35V 
Power Dissipation atTA = +25OC.•••••.••....... 
1.33W Mini-DIP 
Input Voltage Pin 2 to Pin 6 .•.•••.••..........•••.•..•. 
-35V 
Power Dissipation at TA = +250C ••••.•........•••.• 
0.8W SOIC 
Maximum Clamp Current (Pin 7) .•............•.•.•..•.• 
±300mA 
Operating Temperature 
Range 
Maximum Junction Temperature ..•.••.••.•..........• 
+l50oC 
HV4OOCP/CB .••••..•.••.......•..•••.•. 
OOC< TA < +700C 
Storage Temperature 
Range 
....•..•••...• 
-65°C < TA < +l50oC 
HV400IPIlB 
••••.•..•....••.•••••..••. 
-40"C < TA < +85°C 


CAUTION: Strsssss above 
th0s8 listed in "AbsolulII Meximum Ratings" may cause permanent damage to th6 daviee. 
This is a stress only fBting and op9fBtion 


of the davice at th6se or any other conditions abow those indicated in th6 op6fBtionsJ sections of this specification is not implied. 


UMITS 


PARAMETERS 
SYMBOL 
CONDITIONS 
TEMPERATURE 
MIN 
TYP 
MAX 
UNITS 


INPUT (PIN 2) 


Input High Differential VoKage 
V1H 
VOUT= OV,IOUT HI = 10mA 
+25°C 
0.6 
1.7 
2.8 
V 
(Pin 2 - Pin 8) 
Full 
0.5 
- 
3.5 
V 


Input Low Differential Voltage 
V1L 
VOUT= 12V, lOUTLO = -3mA 
+25°C 
-1.1 
-0.9 
-0.8 
V 
(Pin 2 - Pin 316) 
Full 
-1.26 
- 
-0.65 
V 


Input High Current 
IIH 
VP1N1.2 = 3OV,I SOURCE= 0 
+25°C 
15 
18 
20 
mA 


Full 
15 
22 
mA 


Input High Current Peak 
IIHP 
I SOURCE= 6A, 1115pulse, 
+25°C 
700 
mA 


V1N= 9V, VOUT= OV 


Input Low Current 
IlL 
VPlN2 = -30V 
+25°C 
-80 
-50 
J.lA 


Full 
-120 
J.lA 


SOURCE OUTPUT (PIN 8) 


High Output Voltage 
VOH 
V1N= +V, lOUT= 150mA 
+25°C 
12.1 
12.8 
13.4 
V 


Full 
12.0 
13.5 
V 


Peak Output Current 
lops 
V1N= 9V, 1115Pulse, 
+25°C 
6 
A 
VOUT=OV 


OUtput Low Leakage 
10L 
VOUT= OV, V1N= OV 
+25°C 
0 
10 
50 
J.lA 


Full 
55 
J.lA 


SINK OUTPUT (PIN 316) 


Low Output VoKage 
VOL 
V1N= OV, lOUT= -l50mA 
+25°C 
0.8 
0.89 
1.0 
V 


Full 
0.8 
1.05 
V 


Peak Output Current 
101'6 
V1N= OV, 5115Pulse, 
+25°C 
30 
A 
VouT=4V 


Output High Leakage 
10H 
V1N= 15V 
+25OC 
0 
0.3 
2 
IIA 


Full 
0 
13.5 
IIA 


DIODES 01 AND 07 (PIN 7) 


Forward Voltage 
VF 
10= l00mA 
+25°C 
0.9 
1.03 
1.1 
V 


Full 
0.8 
1.4 
V 


Reverse Leakage Current 
IR 
VR=30V 
+25°C 
0 
0.1 
1 
J.lA 


Full 
0 
1 
J.lA 


Diode (Pin 7) Stored Charge 
°RR 
10= l00mA 
+25°C 
6.5 
nC 


SYMBOL 
DESCRIPTION 


DC INPUT PARAMETERS 


V1H 
The differential voltage between the input (Pin 2) to the output (Pin 8) required to source 10mA 


V1L 
The differential voltage between the input (Pin 2) to the output (Pins 3. 6) required to sink 3mA 


IIH 
The current required to maintain the input (Pin 2) high with lOUT= OA 


IIHP 
The input (Pin 2) current for a given pulsed output current 


IlL 
The current require to maintain the input (Pin 2) low 


DCOUTPUTPARAMETERS 


VOH 
The output (Pin 8) voltage with input (Pin 2) = V+ 


loPe 
The pulsed peak source current form output (Pin 8) 


10L 
The output (Pin 8) leakage current with the input (Pin 2) = Ground 


VOL 
The output (Pins 3. 6) voltage with the input (Pin 2) = Ground 


101'6 
The pulsed peak sink current into output (Pins 3, 6) 


10H 
The output (Pins 3, 6) leakage current with the input (Pin 2) = V+ 


VF 
The forward voltage of diode 01 or 07 


IR 
The reverse leakage current of diode 01 or 07 


°RR 
The time integral of the reverse current at tum off 


AC PARAMETERS(See SwitchingTime Specifications) 


TR 
The low to high transition of the output 


TF 
The high to low transition of the output 


TOR 
The output propagation delay from the input (Pin 2) rising edge 


TOF 
The output propagation delay from the input (Pin 2) falling edge 


TOR 
The minimum time required after an output high to low transition before the next input low to high transition 
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LIMITS 


PARAMETERS 
SYMBOL 
CONDITIONS 
TEMPERATURE 
MIN 
TVP 
MAX 
UNITS 


R/seTime 
TR 
See Switching Test Circuit 
Full 
50 
66 
ns 


Fall Time 
TF 
See Switching Test Circuit 
Full 
15 
24 
ns 


Delay Time (Lo to Hi) 
TOR 
See Switching Test Circuit 
Full 
20 
25 
ns 


Delay Time (Hi to Lo) 
TOF 
See Switching Test Circuit 
Full 
17 
28 
ns 


Minimum Off Time 
TOR 
See Switching Test Circuit 
Full 
900 
1500 
ns 


NOTES: 


1. Switching times are guaranteed 
but not tested 


2. Typical values are for +25°C 


INPUT 


OV 


C1 
33O!tF T 
SOV V 


1 
,,---------- --------------- 
. 
7 • 


1SV .------~ 


GND --- 
-/ 
"- 
INPUT 
SOOSOURCE 
(RISE & FALL TIMES <10ns) 


C2 
T 1.01'F 
V SOV 


~12.8V 
O.llV 
OUTPUT 


J3 
01 
8 


PULSE 
2 
7 
IN 


3 
6 


4 
5 
*C 
L 


R1 100n. 1W Carbon Resistor 


R2 Wire 


RL 1ooKn, 1/8W Carbon Resistor 


C1 330JlF, 50V Capacitor 


C2 1JlF,50V Capacitor 


CL 0.01JlF, 50V Chip Capacitor 


D1 1N914 Diode 


J1, J2 PC Mount Banana Jack Johnson 1OS-0740-OO1 


J3, J4 PC Mount SMA Connector Johnson EFJ142 


U1 Harris HV400 I.C. 


r--- 
4 
. 
20 


3.5 • 
HV400 
HV400 
IN 
U1 
OUT 
..,.., 
C:w 


GNDG) 
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HV400 AC TEST BOARD 
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Application Information 


Circuit Operation 


The HV400's operation is easily explained by referring to the 
schematic. 
The control 
signal 
is applied to pin 2. If the 
control signal is about 2V above pin 8, the output NPN 01 
turns 
on charging 
the 
MOSFET 
gate 
from 
a capacitor 
connected to pin 1. Resistor R4 helps keep the SCR off by 
applying a reverse bias to the SCR anode gate. 


When the control input drops about 1V below pin 3/6, PNP 
02 
turns on which triggers the SCR by driving both the 
anode 
and 
cathode 
gates. 
The 
SCR 
discharges 
the 
MOSFET 
gate and when its current 
becomes 
less. than 
10mA, it turns off. Transistor Q2 conducts any gate leakage 
currents, through resistors Rl and R2, once the SCR turns 
off. Figure 7 shows the output characteristics 
before the 
SCR turns on and after it turns off. When the SCR turns on, 
resistor R4 provides 
a path to remove 01 
base charge. 


Resistor R3 provides the base current for 02 to reduce the 
turn off delay time. Resistors Rl 
and R2 reduce the SCR 
recovery time. 


The two diodes connected to the diode input pin 7 provide 
some 
operation 
flexibility. 
With 
pins 2 and 7 connected 
together, diode 01 provides a path to recharge the storage 
capacitor once the MOSFET gate is pulled high and, along 
with diodes 
02 and 03, 
keeps 01 
from going into hard 
saturation 
which 
would 
increase 
delay times. 
Diode 
07 
would clamp the input near ground and provide a current 
path if an input DC blocking capacitor is used. 


Alternatively, pin 7 can be connected 
to pin 6 so that the 
SCR and NPN 01 don't have to pass reverse current if the 
output "rings" above the supply or below ground. When high 
performance 
diodes 
are 
required, 
pin 
7 
can 
be 
left 
disconnected and external diodes substituted. 


The diodes in series with pin 2 decouple the input from the 
output during negative going transitions. 
The absence of 
input current turns off 01 and allows 02 to trigger the SCA. 
Diode 08 turns off 02 once the SCR turns on pulling the out- 
put low, otherwise 02 would saturate and slow down circuit 
operation. In addition, the diodes 02, 03 and 08 improve 
noise immunity by adding about 2.5V of input hysteresis. 


The HV400 is capable of large output currents but only for 
brief durations due to power dissipation. 


Circuit Board Layout 


PC board layout is very important. Pins 3 and 6 should be 
connected together as should pins 4 and 5. Otherwise the 
internal interconnect impedance is doubled and only half of 
the bond wires are used which would degrade the reliability. 


The bootstrap capacitor should hold at least lOx the charge 
of the MOSFET and should be connected between pins 1 
and 4/5 with minimum lead lengths and spacings. Likewise, 
the HV400 should be as close to the MOSFET as possible. 
Any long PC traces 
(parasitic 
inductances) 
between 
the 
MOSFET gate and pins 8 or 3/6 or between the source and 


pins 4/5 should be avoided. Inductance between the HV400 
and the MOSFET limit the MOSFET SWitching time. If they 
are 
too 
large, 
the 
HV400 
may 
operate 
erratically 
as 
discussed below. 


Cross Conduction 
Faults 


It is possible to have both 01 and the SCR on at the same 
time resulting in very large cross conduction currents. The 
SCR has larger current capacity so the output goes low and 
the storage 
capacitor 
is discharged. 
The conditions 
that 
cause 
cross 
conduction 
and 
precautions 
are 
discussed 
below. 


Minimum 
Off TIme 


The SCR requires a recovery time before voltage can be 
reapplied without it switching back on. Figure 13 shows how 
this SCR recovery time, called "minimum off time" (TOR),is a 
function of the load capacitance. 
If the input voltage goes 
high before this recovery time is complete, 
the SCR will 
switch back on. 


Note that 
reverse current 
flowing 
through 
the 
SCR, for 
example 
due 
to 
load 
inductance 
ringing, 
extends 
the 
minimum 
off time. Since the minimum 
off time is really 
dependent 
upon how much stored charge remains in the 
SCR when the anode (pin 3/6) is taken positive, it may vary 
for different applications. Figure 13 indirectly shows that the 
minimum 
off time 
increases 
with larger currents. 
It also 
increases at elevated temperatures as shown in Figure 14. 
Excessive ringing increases the minimum off time since the 
stored charge doesn't begin to dissipate 
until the current 
drops below 10mA for the last time. Rising anode voltage 
acts on the internal SCR capacitance 
to generate its own 
triggering current. The excess stored charge increases this 
capacitance. 
Faster rise times and/or higher voltages also 
increase the amount of internal trigger current from the inter- 
nal capacitance 
so applications 
with larger dV/dt require 
longer minimum off times. 


The minimum off time must be considered 
for all occur- 
rences of SCR current. For example, in a half bridge switch 
mode power supply, there are two MOSFETs 
connected to 
the transformer primary. Assume that the high side MOSFET 
switch is off. When the low side MOSFET switch is turned 
on, the HV400 driving the high side MOSFET will have to 
sink gate current from Cgd and will have to source gate 
current when the low side MOSFET switches back off. Both 
of these current pulses will try to flow through pin 3/6 since 
the pin 8 output is turned off. Sourcing current from pins 3/6 
through the SCR is possible, the pin 3/6 voltage becoming 
negative with respect to pins 4/5 (See Figure 8). But a better 
practice would be to connect a Schottky diode between pins 
4/5 (anode) and 3/6 (cathode) so reverse current does not 
flow through the SCA. 


False SeR Triggering 


The SCR may be triggered 
inadvertently. The output may 
overshoot the input due to inductive loading or over driving 
the output NPN (allowing it to saturate). Whenever pin 6 is 
more positive than pin 2 by 1V,the SCR is triggered on. Also, 


if the output rises too rapidly, greater than 0.5V1nS, the SCR 
may self trigger. Both issues are resolved by minimizing the 
load inductance and inserting sufficient resistance, usually 
0.1 to 10 ohms, between pin 8 and the load. 


A very 
fast 
negative 
going 
input 
voltage 
can 
result 
in 
minimum off times of about 2.5~s. If the output can not keep 
up with the falling input, the stored charge of diode 04 is 
transferred into the base of 02. This excess charge in 02 
must have time to dissipate. Otherwise, when pin 3/6 goes 
positive, 02 will turn on and trigger the SCA. An external 
diode in series with pin 2, as shown in Figure 1, will prevent 
04 from discharging 
into the base of 02 but that will also 
reduce the output voltage by the forward voltage of that 
diode. 


Internal Diodes 


The internal 
diodes connected 
to pin 7 are provided for 
convenience 
but may not be suitable 
for large currents. 


Since 
they 
are 
part 
of the 
integrated 
circuit, 
they 
are 
physically small, operate at high current densities, and have 
long recovery times. 
Figure 
15 shows that their forward 
characteristics degrade above 100mA. In addition, Figure 16 
shows their reverse recovery charge as a function of forward 
current. The product 
of this charge, 
the applied 
reverse 
voltage and the frequency is the additional power dissipation 
due to the diodes. For stored charge calculations, 
use the 
peak forward 
current 
within 
1COns of the application 
of 
reverse bias. In addition to the extra power dissipation, the 
capacitance of these diodes may extend the switching delay 
times. 


Power Dissipation 
Calculations 


The power required to drive the MOSFET is the product of 
its total gate charge times the gate supply voltage (maximum 
voltage 
on HV400 
pin 
1, 2 or 7) times 
the frequency. 


Assuming that the MOSFET gate resistance is negligible, 
this power is dissipated within the HV400. If resistors are 
placed between the HV400 and the MOSFET, then some of 
the power is dissipated 
in the 
resistors, 
the percentage 
depending 
upon 
the 
ratio of resistors 
to HV400 
output 
impedance. 


There 
are 
two 
other 
sources 
of 
power 
dissipation 
to 
consider. First there is the power in R3 which is the product 
of the input pin 2 current and voltage (With no output current) 
times the duty cycle. Second is the product of the pin 7 diode 
stored charge, which is dependent upon the forward current, 
times the applied diode reverse voltage times the frequency. 
This information 
is available from figures 3 and 16 in this 
data sheet. 


Applications 
Circuits 


The HV400 was designed to interface a pulse transformer to 
a power MOSFET. There must be some means to balance 
the 
transformer 
volt-second 
product 
over 
a cycle. 
The 
unipolar drive shown in Figure 1 lets the core magnetization 
inductance reverse the primary and secondary voltages. The 
zener diode on the primary side limits this voltage and must 


be 
capable 
of 
dissipating 
the 
energy 
stored 
in 
the 
transformer. The load may be connected to either the power 
MOSFET drain or source. 


FIGURE 
1. UNIPOLAR 
DRIVE 


A diode is added in series with pins 2 and 7 to allow the 
transformer secondary to go negative. The charge storage of 
the pin 7 diode may cause the turn off delay time to be too 
long. Alternatively, pin 7 could be left disconnected 
and a 
second external diode connected 
between the transformer 
(anode) and pin 1 (cathode). In some applications the diode 
in series with pin 2 may be unnecessary but the -35V input 
to output or ground maximum rating should be observed. 


Sometimes the volt-second balance is achieved by a push- 
pull drive on the pulse transformer primary. This is especially 
useful 
if there 
are two secondary 
windings 
driving 
two 
HV400's out of phase such as in a half-bridge configuration 


Other times it is more convenient 
to achieve volt-second 
balance by using capacitors to block OC in the primary and 
secondary windings as shown in Figure 2. The pin 7 diodes 
provide a path for discharging the secondary side DC block- 
ing capacitor. 
Both capacitors, 
CIN and Cs, should be at 
least 10 times the equivalent MOSFET gate capacitance. 


The HV400 can be used as a current booster for low side 
switches by connecting 
directly 
to the PWM output. The 
circuit would be similar to the switching time test circuit. 


It is worth restating that some consideration (and experimen- 
tation) should be given to the choice of external components, 
i.e. 
resistors, 
capacitors 
and 
diodes, 
to 
optimize 
performance in a given application. 
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FIGURE 
2. BIPOLAR 
DRIVE WITH DC BLOCKING 
CAPACITOR 
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Typical Performance Curves 
TA= +25°C Unless Otherwise Specified 
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Typical Performance Curves 
TA= +25°C Unless Otherwise Specified 
(ConUnued) 
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FIGURE 11. HIGH TO LOW TRANSIENT RESPONSE WAVEFORMS 
FIGURE 12. RISE, FALL & DELAY TIMES vs TEMPERATURE 
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Typical 
Performance 
Curves 
TA = +25°C Unless Otherwise Specified 
(Continued) 
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FIGURE 15. DIODE 01 & 07 CURRENT vs VF 
FIGURE 16. DIODE 0RR vs FORWARD 
CURRENT 
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FIGURE 17. DIODE 01 REVERSE 
RECOVERY 
WAVEFORM 
IF = 200mA, 20V REVERSE BIAS 


Metallization 
Topology 


DIE DIMENSIONS: 
66.9 x 71.65 x 19 mils 
(1700 x 1820 x 4831!m) 


METALLIZATION: 
Type: Aluminum 
Thickness: 16i<A± 2kA 


SUBSTRATE POTENTIAL (POWERED UP): 
Unbiased 


GLASSIVATION: 


Type: Silox 
Thickness: 12i<A± 2i<A 
Type: Nitride 
Thickness: 
3.5kA ± 2.5kA 


TRANSISTOR COUNT: 3 
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• Fast Rise and Fall Times 
• 30ns with 1000pF Load 


• Wide Supply Voltage Range 


• Vcc = 4.5 to 15V 


• Low Power Consumption 
• 4mW with Inputs Low 


• 20mW with Inputs High 


• TTUCMOS 
Input Compatible 
Power Driver 


- 
ROUT = 70 Typ 


• 
Direct Interface 
with Common 
PWM ControllCs 


• 
Pin Equivalent 
to DS00261OS0056; TSC426 


Typical Applications 


• Switching 
Power Supplies 


• DCIDC Converters 


• Motor Controllers 


Description 


The 
ICL7667 
is 
a 
dual 
monolithic 
high-speed 
driver 
designed 
to convert 
TTL 
level signals 
into high current 
outputs at voltages up to 15V. Its high speed and current 
output enable it to drive large capacitive loads with high slew 
rates and low propagation delays. With an output voltage 
swing only millivolts 
less than the supply 
voltage and a 
maximum supply voltage of 15V. the ICL7667 is well suited 
for driving 
power MOSFETs 
in high frequency 
switched- 
mode power converters. The ICL7667's high current outputs 
minimize power losses in the power MOSFETs 
by rapidly 
charging 
and 
discharging 
the 
gate 
capacitance. 
The 
ICL7667's 
input are TTL compatible 
and can be directly 
driven by common pulse-width modulation controllCs. 


TEMPERATURE 
PART NUMBER 
RANGE 
PACKAGE 


ICL7667CBA 
OOCto +70oC 
8 Pin SOIC 


ICL7667CPA 
Ooc to +70oC 
8 Pin Plastic 


ICL7667CJA 
Ooc to +70oC 
8 Pin Ceramic DIP 


ICL7667ClV 
O°C to+70oC 
TO·99 Can 


ICL7667MlV* 
-55°C to +125°C 
TO-99 Can 


ICL7667MJA* 
-55°C to +125°C 
8 Pin Ceramic DIP 


TOogg CAN (TV) 
TOP VIEW 


IN -1 


CAUTION: 
These d8llices 
are sens~ive 
to electrostatic 
discharge. 
Users should follow proper 
I.C. Handling 
Procedures. 


Copyright © Harris Corporation 
1992 


Absolute 
Maximum Ratings 


Supply Voltage V+ to V- ..........••.••.•.••••.•..•.••• 
15V 
Unear Derating Factors 
Input Voltage .............•..••.•••.•.•. 
V- -o.3V to V+ +<l.3V 
TO-99 .••...•••••..••.•.••.••.•.... 
6.7mWf'C 
above 5O"C 
Package Dissipation, TA +25°C 
..•..............•.... 
SOOmW 
Plastic DIP Package 
•..•..........•.. 
5.6mWf'C 
above 3ijOC 
Storage Temperature 
Range 
•..••.••.••.•.... 
-65°C to +l50oC 
Ceramic DIP Package •••••..•..•.••.. 
6.7mWf'C 
above 50°C 
Lead Temperature (Soldering 
105) •.......•.........•. 
+3000C 


CAUTION: 
StressBS abow 
thosBlisted 
in "Absolute 
Meximum 
Retings" 
may cause psrmenent 
damage 
to the d8vice. 
This is a stress 
only rating and operation 


01 the device at thesa or any other conditions 
aboYa thasa indicated 
in the operationeJ sactions 
01 this specification 
is not ilTfJlied. 


Operating Temperature 
Range 


ICL7667C 
..•..••..••...............•...•.. 
O"C to +700C 
ICL7667M 
.•.••.•..•••••••.••.•..•..••.. 
-55OC to +125°9 


Electrical 
Specifications 


ICL7667C. 
M 
ICL7667M 


TA=+25°C 
-55"C :STA :S+125"C 


PARAMETERS 
SYMBOL 
TEST CONDITIONS 
MIN 
TYP I MAX 
MIN 
TYP 
MAX 
UNITS 


DC SPECIFICATIONS 


Logic 1 Input Voltage 
VIH 
Vcc= 
4.5V 
2.0 
- 
- 
2.0 
- 
- 
V 


Logic 1 Input Voltage 
VIH 
Vcc= 
15V 
2.0 
- 
- 
2.0 
- 
- 
V 


Logic 0 Input Voltage 
Vil 
Vcc=4.5V 
- 
- 
0.8 
- 
- 
0.5 
V 


Logic 0 Input Voltage 
Vil 
Vcc= 
15V 
- 
- 
0.8 
- 
- 
0.5 
V 


Input Current 
III 
Vcc = 15V, VIN = OV and 15V 
-0.1 
- 
0.1 
-0.1 
- 
0.1 
j1A 


Output Voltage High 
VOH 
Vcc = 4.5V and 15V 
Vcc 
Vcc 
- 
Vcc 
- 
V 


-0.05 
-0.1 


Output Voltage Low 
VOL 
Vcc = 4.5V and 15V 
- 
0 
0.05 
- 
- 
0.1 
V 


Output Resistance 
RoUT 
VIN = V1l' lOUT= -10mA, Vcc = 15V 
- 
7 
10 
- 
- 
12 
n 


Output Resistance 
RoUT 
VIN = VIH, lOUT= 10mA, Vcc = 15V 
- 
8 
12 
- 
- 
13 
n 


Power Supply Current 
Ice 
Vcc = 15V, VIN = 3V both inputs 
- 
5 
7 
- 
- 
8 
mA 


Power Supply Current 
Ice 
Vcc = 15V, VIN = OV both Inputs 
- 
150 
400 
- 
- 
400 
j1A 


SWITCHING 
SPECIFICATIONS 


Delay Time 
TD2 
Figure 3 
- 
35 
50 
- 
- 
60 
ns 


Rise Time 
TR 
Figure 3 
- 
20 
30 
- 
- 
40 
ns 


Fall Time 
TF 
Figure 3 
- 
20 
30 
- 
- 
40 
ns 


Delay Time 
T01 
Figure 3 
- 
20 
30 
- 
- 
40 
ns 


" NOTE: All typical values have been characterized 
but are not tested. 


Test Circuits 
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Detailed Description 


The ICL7667 is a dual high-power 
CMOS inverter whose 
inputs respond to TTL levels while the outputs can swing as 
high as 15V. Its high output current enables it to rapidly 
charge 
and 
discharge 
the 
gate 
capacitance 
of 
power 
MOSFETs. minimizing the switching losses in switchmode 
power supplies. Since the output stage is CMOS. the output 
will swing to within millillOlts of both ground and Vee without 
any external parts or extra power supplies as required by the 
OSOO26156family. Although most specifications are at Vee = 
15V. the propagation 
delays and specifications 
are almost 
independent of Vee. 


In addition to power MOS drivers. the ICL7667 is well suited 
for other applications such as bus. control signal. and clock 
drivers on large memory of microprocessor 
boards. where 
the load capacitance is large and low propagation delays are 
required. 
Other 
potential 
applications 
include 
peripheral 
power drivers and charge-pump voltage inverters. 


Input Stage 


The input stage is a large N-ehannel FET with a P-channel 
constant-current source. This circuit has a threshold of about 
1.5V. relatively independent of the Vee IIOltage. This means 
that the inputs will be directly compatible with TTL over the 
entire 4.5V - 15V Vee range. Being CMOS. the inputs draw 
less than 1J.1Aof current over the entire input voltage range 
of ground to Vcc. The quiescent current or no load supply 
current of the ICL7667 is affected by the input voltage. going 
to nearly zero when the inputs are at the 0 logic level and 
rising to 7mA maximum when both inputs are at the 1 logic 
level. A small amount of hysteresis. about50mV 
to 100mV at 
the input. is generated 
by positive feedback 
around 
the 
second stage. 


Output Stage 


The 
ICL7667 
output 
is 
a 
high-power 
CMOS 
inverter. 
swinging between ground and Vee. At Vee = 15V. the output 
impedance 
of the inverter is typically 7n. The high peak 
current 
capability 
of the 
ICL7667 
enables 
it to drive 
a 
1000pF load with a rise time of only 40ns. Because the 
output stage impedance is very low. up to 300mA will flow 
through the series N- and P-channel output devices (from 
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Vee to ground) 
during output transitions. 
This crossover 
current is responsible for a significant portion of the internal 
power dissipation of the ICL7667 at high frequencies. It can 
be minimized by keeping the rise and fall times of the input to 
the ICL7667 below 1Jls. 


Application 
Notes 


Although the ICL7667 is simply a dual level-shifting inverter. 
there are several areas to which careful attention must be paid. 


Grounding 


Since the input and the high current output current paths 
both include the ground pin. it is very important to minimize 
and common 
impedance 
in the ground return. Since the 
ICL7667 
is 
an 
inverter. 
any 
common 
impedance 
will 
generate negative feedback. and will degrade the delay. rise 
and fall times. 
Use a ground 
plane 
if possible. 
or use 
separate ground returns for the input and output circuits. To 
minimize 
any common 
inductance 
in the ground 
return. 


separate the input and output circuit ground returns as close 
to the ICL7667 as is possible. 


Bypassing 


The rapid charging and discharging of the load capacitance 
requires very high current spikes from the power supplies. A 
parallel combination of capacitors that has a low impedance 
over a wide frequency 
range should 
be used. A 4.7JlF 
tantalum capacitor in parallel with a low inductance O.lJlF 
capacitor is usually sufficient bypassing. 


Output Damping 


Ringing is a common problem in any circuit with very fast 
rise or fall times. Such ringing will be aggravated by long 
inductive lines with capacitive loads. Techniques to reduce 
ringing include: 


1. Reduce inductance by making printed circuit board traces 
as short as possible. 


2. Reduce inductance by using a ground plane or by closely 
coupling the output lines to their return paths. 


3. Use a 10n to 300 resistor in series with the output of the 
ICL7667. Although this reduces ringing. it will also slightly 
increase the rise and fall times. 
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components: 


1. Input inverter current loss 


2. Output stage crossover current loss 


3. Output stage 12Rpower loss 


The sum of the above must stay within the specified limits for 
reliable operation. 


As noted above, the input inverter current is input voltage 
dependent. with an Icc of 0.1mA maximum with a logic 0 
input and 6mA maximum with a logic 1 input. 


The output stage crowbar current is the current that flows 
through the series N- and P-channel devices that form the 
output. This current. about 300mA, occurs only during output 
transitions. Caution: 
The inputs should never be allowed to 
remain between V1L and V1H since this could leave the output 
stage in a high current mode. rapidly leading to destruction 
of the device. If only one of the drivers is being used. be sure 
to tie the unused input to a ground. NEVER leave an input 
floating. The average supply current drawn by the output 
stage is frequency 
dependent, 
as can be seen in Icc vs. 
Frequency graph in the Typical Characteristics Graphs. 


The output stage 12Rpower dissipation is nothing more than 
the product of the output current times the voltage drop 
across the output device. In addition to the current drawn by 
any resistive load. there will be an output current due to the 
charging and discharging 
of the load capacitance. 
In most 
high frequency 
circuits 
the 
current 
used to charge 
and 
discharge capacitance dominates, and the power dissipation 
is approximately 


PAC= CVcc2f 


where C = Load Capacitance, f = Frequency 


In cases where the load is a power MOSFET and the gate 
drive requirement are described in terms of gate charge, the 
ICL7667 power dissipation will be 


PAC= 0GVCCf 


where 0G = Charge required to switch the gate. in Coulombs, 


f = Frequency. 


Power MOS Driver Requirements 


Because it has a very high peak current output, the ICL7667 
the at driving the gate of power MOS devices. The high 
current output is important since it minimizes the time the 
power MOS device is in the linear region. Figure 4 is a 
typical 
curve 
of 
charge 
vs. 
gate 
voltage 
for 
a 
power 
MOSFET. 
The 
flat 
region 
is 
caused 
by 
the 
Miller 
capacitance, 
where 
the 
drain-to-gate 
capacitance 
is 
multiplied by the voltage gain of the FET. This increase in 
capacitance occurs while the power MOSFET is in the linear 
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Direct Drive of MOSFETs 


Figure 6 shows interfaces between the ICL7667 and typical 
switching regulator ICs. Note that unlike the DS0026, the 
ICL7667 does not need a dropping 
resistor and speedup 
capacitor between it and the regulator IC. The ICL7667, with 
its high slew rate and high voltage drive can directly drive the 
gate of the MOSFET. The 1527 IC is the same as the 1525 
IC, except that the outputs are inverted. This inversion is 
needed since ICL7667 is an inverting buffer. 


Transformer 
Coupled Drive of MOSFETs 


Transformers are often used for isolation between the logic 
and control section and the power section of a switching 
regulator. The high output drive capability 
of the ICL7667 
enables it to directly drive such transformers. Figure 6 shows 
a typical transformer 
coupled drive circuit. PWM ICs with 
either active high or active low output can be used in this 
circuit. 
since any inversion 
required 
can be obtained 
by 
reversing the windings on the secondaries. 


In very high power applications which use a group of MOS- 
FETs in parallel, the input capacitance 
may be very large 
and it can be difficult to charge and discharge quickly. Figure 
8 shows a circuit which works very well with very large 
capacitance loads. When the input of the driver is zero, 01 is 
held in conduction by the lower half of the ICL7667 and 02 is 
clamped off by 01. 
When the input goes positive, 01 
is 
turned off and a current pulse is applied to the gate of 02 by 
the upper half of the ICL7667 through the transformer. T1. 
After about 20ns, T1 saturates and 02 is held on by its own 
Cgs and the bootstrap circuit of C1. D1 and R1. This boot- 
strap circuit may not be needed at frequencies greater than 
10kHz since the input capacitance of Q2 discharges slowly. 
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FIGURE 5. DIRECT DRIVE OF MOSFET GATES 
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Other Applications 


Relay and Lamp Drivers 


The ICL7667 is suitable for converting 
low power TIL 
or 
CMOS signals into high current, high voltage outputs for 
relays, 
lamps and other 
loads. Unlike 
many other 
level 
translator/driver 
ICs, the ICL7667 will both source and sink 
current. The continuous output current is limited to 200mA 
by the 12R power dissipation in the output FETs. 


Charge Pump or Voltage Inverters and Doublers 


The 
low output 
impedance 
and wide Vcc 
range of the 
ICL7667 make it well suited for charge pump circuits. Figure 
8 shows a typical charge pump voltage inverter circuit and a 
typical performance curve. A common use of this circuit is to 
provide a low current negative supply for analog circuitry or 
RS232 drivers. With an input voltage of +15V, this circuit will 
deliver 20rnA at ·12.6V. By increasing the size of the capaci- 
tors, the current capability can be increased and the voltage 
loss decreased. The practical range of the input frequency is 
500Hz to 250kHz. As the frequency 
goes up, the charge 
pump 
capacitors 
can be made smaller, 
but the internal 
losses in the ICL7667 will rise, reducing the circuit efficiency. 


Figure 9, a voltage doublEI', is very similar in both circuitry 
and performance. A potential use of Figure 8 would be to 
supply the higher voltage needed for EEPROM or EPROM 
programming. 


Clock Driver 


Some 
microprocessors 
(such 
as 
the 
68XX 
and 
65XX 
families) 
use a clock 
signal 
to control 
the 
various 
LSI 
peripherals of the family. The ICL7667's combination of low 
propagation 
delay, high current drive capability 
and wide 
voltage swing make it attractive for this application. Although 
the ICL7667 is primarily intended for driving power MOSFET 
gates at 15V, the ICL7667 also works well as a 5V high- 
speed 
buffer. 
Unlike 
standard 
4000 
series 
CMOS, 
the 
ICL7667 uses short channel length FETs and the ICL7667 is 
only slightly slower at 5V than at 15V. 
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Features 


• Maximum 
Rating 
••••••••••.•••••••••••••••• 
500V 


• Ability 
to Interface 
and 
Drive 
Standard 
and Current 
Sensing 
n-Channel 
Power MOSFETIIGBT 
Devices 


• Creation 
and Management 
of a Floating 
Power Supply 
for Upper Rail Drive 


• Simultaneous 
Conduction 
Lockout 


• Overcurrent 
Protection 


• Single Low Current 
Bias Supply Operation 


• 
Latch Immune CMOS logic 


• Peak Drive In Excess of 0.5 Amp 


SP600 


Description 


The ·SP600 is a smart power high voltage integrated circuit 
(HVIC) optimized to drive MOS gated power devices in half· 
bridge topologies. 
It provides 
the necessary 
control 
and 
management for PWM motor drive, power supply, and UPS 
applications. 
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Absolute 
Maximum Ratings 
Full Temperature 
Range, 
All 
Voltage 
Referenced 
to Vss Unless 
Otherwise 
Noted. 
Notes 
1.2. 


Low Voltage 
Power Supply. 
VBIAS (Note 
1) ......••.•.•••• 
18Voc 
Roating 
Low Voltage 
Boot Strap 
..••.••.•..........•.• 
18Voc 


PowerSupp~toPhase.Ves 
Low Voltage 
Signal 
Pins 
FaUlt, ITRIPSEL' VoOoTRIPL, CL 1. G2L 
..•... 
-o.5Voc 
to Voo -Hl.5 
G1L, D1L, Vo~ TOP. BOT 
CL2, TRIPu, 
G1U, G2U, D1U to Phase 
.•.•• 
-o.5voc 
to VBs-Hl.5 


High Voltage 
Pins 
Phase. 
VPHASE ......•.••.•••.......•...••.•.... 
5OOVoc 
(Ves• 
VOUT, TRIPu• 
CL2. 
G2U 
& 
D1U: 
OV-18V 
Higher 
Than 
Phase) 
Dynamic 
High Vottage 
Rating 
Phase ••............ 
10.000V/IIS 


DVpHASEJdt 


NOTES: 
1. Cara must be takan in the application of VBIASas not to i"lX'S" 
high peak dissipation demands on a ralatiYaIy small metallizad noise dropping rasistor (RNO)' 


Prolongad high peakcurrenls 
may rasun ~+15Voc is applied abNptly endior ifthe local bypass capecnor Coo is large. It is suggested that Coo be S 10MFD. 
If it is desirabla to swik:h the 15Voc source or if e Coo is Iarg••.•addnional series impedance maybe requirad. 
2. ConSUltfactory for addnional package offerings. 


CAUTION: 
Stresses above those listed in 'Absolute 
Maximum 
Ratings' 
may cause permanent 
damage 
to the davice. This is a stress 
only rating and operation 


of the device at these or any other conditions 
above those indica tad in the operational 
sactions 
of this spaciflcatkJn 
is not implied. 


Thermal 
Resistance, 
Junction-to-Amblent 
9)& 
Plastic 
DIP Package 
75°CIW 
Maximum 
Package 
Power Dissipation 
at TA = +85°C. 
Po 
Plastic 
DIP Package 
....•••.••.••..•.........•..• 
500mW 
Operating 
Ambient 
Temperature 
Range, 
TA •...... 
-25°C 
to +85°C 
Storage 
Temperature 
Range, 
Ts .•••.•......... 
-4O"C 
to + 1SOOC 


Electrical 
Specifications 
(VBIAS = 15V, Pulsed 
<300ms). 
Unless 
Otherwise 
Noted, 
All Parameters 
Referenced 
to 
Vss Except 
TRIPu, 
CL2. Gl U, 01 U. & Ves Referenced 
to PHASE. 
OF: VOF to Ves• CF: Ves to PHASE 


PARAMETER 
SYMBOL 
TEMP 
MIN 
TVP 
MAX 
UNITS 


DC CHARACTERISTICS 


Input Current 
(5V < VTOP, VOOT' VTRIPSEL< 15V) 
tiN 
+25°C 
- 
20 
30 
I1A 


-40°C to +85°C 
- 
30 
33 
I1A 


IBIASQuiescent 
Current 
(All Inputs 
Low) 
IBIASL 
+25°C 
1.7 
2.05 
mA 


-4D°C to +85°C 
- 
1.7 
2.1 
mA 


IBIASQuiescent 
Current 
(VOUT<! V BIAS'and All Inputs 
IBIASH 
+25°C 
- 
1.7 
2.05 
mA 


Low) 
-40°C 
to +85°C 
- 
1.7 
2.1 
mA 


les Quiescent 
Current 
Bootstrap 
Supply 
IBS 
+25°C 
- 
875 
1000 
I1A 


-40oC to +85°C 
900 
1060 
I1A 


TOP Threshold 
Level 
VTOP 
+25°C 
7 
8 
9 
V 


-40oC to +85°C 
6.95 
6 
9.1 
V 


BOTTOM 
Threshold 
Level 
VOOT 
+25°C 
7 
6 
9 
V 


-40°C 
to +65OC 
6.9 
6 
9.1 
V 


Current 
Trip Select 
Threshold 
Level 
VTRIPSEL 
+25°C 
7 
6 
9 
V 


-40oC to +85°C 
6.95 
6 
9.1 
V 


Trip Lower 
and Upper 
Comparator 
Threshold 
VTR1PUUN 
+25°C 
90 
105 
125 
mV 
Level - Normal 
(ITRIPSEL= Vss) 
-40oC to +65°C 
90 
105 
127 
mV 


Trip Lower 
and Upper 
Comparator 
Threshold 
VTRIPUUB 
+25°C 
110 
130 
150 
% 
Level - Boost 
(ITRIPSEL= Voo) % of Measured 
-40oC to +65°C 
109 
130 
152 
% 
VTRIPUU~ 


Under 
Voltage 
Lockout 
Thresholds 
(Voo & Ves) 
VLCCK 
+25°C 
9 
10 
11.5 
V 


-40°C to +85OC 
9.7 
10.5 
11.8 
V 


Phase 
Out of Status 
Voltage 
Threshold 
(PHASE) 
VOSVT 
+25°C 
5 
7 
9 
V 


-40°C 
to +85°C 
4.7 
7 
9.6 
V 


Faultbar 
Impedance 
at IFBAR= 1mA 
RF 
+25°C 
500 
760 
1000 
Q 


-40oC to +65°C 
450 
760 
1100 
Q 


Electrical Specifications 
(VBlAS= 15V, Pulsed <300ms), Unless Otherwise Noted, All Parameters Referenced to 
Vss Except TRIPu, CL2, G1 U, D1U, & Ves Referenced to PHASE. OF: VOFto Ves, CF: Ves to PHASE 


PARAMETER 
SYMBOL 
TEMP 
MIN 
TVP 
MAX 
UNITS 


Upper/lower 
Source Impedances 
(1800"", 
= 10mA) 
RSOLA! 
+25°C 
12 
17 
23 
n 


-4Q°C to +85OC 
7 
17 
29 
n 


Upper/lower 
Sink Impedances 
(ISINK= 10mA) 
RSILA! 
+25OC 
8 
12 
16 
n 


-4Q0C to +8SOC 
5 
12 
20 
n 


Bootstrap Supply Current Limiting Impedance 
Res 
+25OC 
2 
3.5 
5 
n 


-4Q°C to +85°C 
1.4 
3.5 
5.6 
n 


Noise Dropping Resistor Impedance 
RNO 
+25°C 
6 
10 
14 
n 


-40oC to +85°C 
5.4 
10 
14.6 
n 


High Voltage Leakage (SOOVVes, VOUT,PHASE, 
ILK 
+25°C 
- 
1 
3 
IlA 
TRIPu, CL2, G1U, G2U, & DIU to VSS.All other Pins 
-4Q°C to +85°C 
. 
1 
3 
IlA 
atVss) 


Miller Clamp Diodes; D1U and OIL (10 = 10mA) 
Vo1UA. 
+25°C 
1.05 
1.4 
1.7 
V 


-40oC to +85°C 
1.05 
1.4 
1.7 
V 


Noise Clamping Zeners; CL2 and CL 1 (lz = 10mA) 
VC12I1-L.ow 
+25°C 
6.35 
6.61 
6.85 
V 


-4Q°C to +85°C 
6.15 
6.61 
7.15 
V 


Noise Clamping Zeners; CL2 and CL 1 (Iz = SOmA) 
VCl2I,-High 
+2SoC 
7.7 
8.1 
8.7 
V 


VOUTLimiting Resistance 
Ro 
+25°C 
2 
3.5 
5 
n 


-40oC to +85°C 
1.4 
3.5 
5.6 
n 


Switching Characteristics 
(All Referenced to V•• , Except: Trlpu' CI2, G1u, G2u, And D1u Referenced to PHASE. OF: VoF to Ves, 
CF: Vas to PHASE) 


PARAMETER 
SYMBOL 
TEMP 
MIN 
TYP 
MAX 
UNITS 


Refresh One Shot Timer 
tREF 
+25°C 
200 
350 
500 
IlS 


-4Q°C to +85°C 
180 
350 
540 
IlS 


Delay Time of Trip lIu Voltage (ITR1Psel. low) to 
IoFFTN 
+25°C 
2 
3 
4 
IlS 
G2U/G2L Low (50% Overdrive 
-40oC to +85OC 
1.85 
3 
4.35 
IlS 


Delay Time of Trip I Voltage (lTRIPsel. low) to 
tFN 
+25°C 
2 
3 
4 
IlS 
Faultbar Low 
-40oC to +85°C 
1.85 
3 
4.35 
IlS 


Delay Time of Phase Out of Status to Faultbar 
IosvF 
+25°C 
SOO 
700 
900 
ns 
Low (TOP High) 
-40oC to +85°C 
400 
700 
1050 
ns 


Minimum Logic Input Pulse Width: 
TOP & 
~INIW 
+25°C 
300 
430 
600 
ns 
BOnOM 
-400c to +85°C 
275 
430 
660 
ns 


Minimum G1U1G1L On Time 
ioN 
+25°C 
1.6 
2.3 
3.1 
IlS 


-40oC to +85OC 
1.5 
2.4 
3.4 
IlS 


Minimum Pulsed Off Time, G2U1G2L 
loFF 
+25°C 
1.3 
2.0 
3.4 
IlS 


-40oC to +85°C 
1.05 
2.1 
3.9 
IlS 


Turn On Delay Time of G1U (BISTATE 
MODE) 
IoNo 
+25°C 
2.5 
3.2 
4.5 
IlS 


-40oC to +8SoC 
2.1 
3.3 
5.2 
IlS 


Turn On Delay Time of G1L (BISTATE MODE) 
IoNo 
+25°C 
2.5 
3.2 
4.5 
IlS 


-40oC to +85°C 
2.1 
3.3 
5.2 
IlS 
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Switching 
Characteristics 
(All Referenced 
10 V•• , Excepl: Tripu' CI2, Glu, 
G2u, And Dlu 
Referenced 
10 PHASE. DF: VOF10 VBS' 


CF: Ves 10 PHASE) 
(Continued) 


PARAMETER 
SYMBOL 
TEMP 
MIN 
TYP 
MAX 
UNITS 


Turn On Delay Time of Gl U (TRISTATE 
MODE) 
IoNo 
+25°C 
0.75 
1.0 
1.5 
lIS 


-40oC 10 +85°C 
0.60 
1.1 
1.75 
lIS 


Turn On Delay Time of G lL (TRISTATE 
MODE) 
IoNo 
+25°C 
0.75 
1.0 
1.5 
lIS 


-4Q0C 10 +85OC 
0.60 
1.1 
1.75 
lIS 


Turn Off Delay Time of G2U and G2L 
IoFFo 
+25°C 
0.75 
1.0 
1.45 
lIS 


-40oC 10 +85°C 
0.60 
1.1 
1.75 
lIS 


Minimum Dead Time: Gl U off 10 G1L on, or G1L 
IO.T. 
+25°C 
1.5 
2.5 
3.5 
lIS 
off 10 G1U on (BISTATE 
MODE) 
-4Q°C 10 +85°C 
1.2 
2.6 
4 
lIS 


Faull Resel Delay 10 Clear Faultbar 
!A.T. 
+25°C 
3.4 
4.5 
6.6 
lIS 


-40oC 10 +85°C 
3.15 
4.8 
7.4 
lIS 


Rise Time of Upper & Lower Driver (Load = 
!AUIl. 
+25°C 
25 
50 
100 
ns 
2000pF) 
-4Q°C 10 +85°C 
15 
50 
115 
ns 


Fall Time of Upper & Lower Driver (Load = 
!FUll. 
+25°C 
25 
50 
100 
ns 
2000pF) 
-40oC 10 +85°C 
15 
50 
115 
ns 


Recommended 
Operating 
Conditions 
and Functional 
Pin Description 
(All Vollages Referenced 10Vss, Unless 
Otherwise Noled. See Figure 1) 


PARAMETER 
CONDITION 


Faultbar 
Open Drain Faullindicalor 
Outpul 


ITR1PSELECT 
Digitalinpul 
Command 
10 Increase TRIP Land 
U Threshold by 30% 


VelAs 
14.5V 10 16.5V with 15V nominal," 
1.5mA DC BIAS Currenl 


VOO 
COD10 Vss 


Vss 
COMMON 


Tripi 
l00rnV 
Signal 10 Shul Off LOWER Drive and Trigger a Faull Output 


Cl1 
Lower Noise Clamp Zener 


G2L & G1L 
Low Impedance 
Driver Designed 
10 Drive Power MOS Transislors 
(LOWER) 


VOF 
Currenl 
Umiling Charging Resislor for Bootstrap Capacilor 
Power Supply 


VBS 
Boolstrap 
Supply, Normally a Diode Drop Below Voo Voltage wilh Respecllo 
the Floating PHASE Reference 


VOUT 
Load Conneclion 
Node 


Phase 
Floaling Reference Poinl for High Side Conlrol CirCUitry: VBS' TRIPu, Cl2, 
Gl U, G2U & Dl U 


Tripu 
l00rnV 
Signal, Referenced 
10 PHASE, 10 Shul Off UPPER Drive 


Cl2 
Upper Noise Clamp Zener 


G2U & G1U 
.Low Impedance 
Driver Designed 
10 Drive Power MOS Transislors 
(UPPER) 


Top 
Digilallnpullo 
Command the UPPER On 


Bol 
Digilal Inpullo 
Command the LOWER On 


D1U 
Miller Clamp UPPER 10 VBS 


D1L 
Miller Clamp LOWER 10 Voo 


Timing Diagram 


TOP 
1 
TOP 


0 
0 


BOT 
1 
BOT 
1 


0 
0 


REFRESH 
1 
REFRESH 
1 


ONE SHOT 
0 
OHESHOT 
0 
1 
1 


IoNB 
0 
IoNB 
0 
1 
1 
VAUDBOTON 
0 
VAUDBOTON 
0 
1 
1 
IOFFT 
0 
IoFFT 
0 
1 
1 
IoNT 
0 
IoNT 
0 
1 
10FF8 
1 
IoFF8 
0 
0 
1 
1 
UPPER 
UPPER 
0 
0 
1 
~ 
n 
1 
LorNER 
LorNER 
0 
0 


VOUT 
C:~V 
-J 
VOUT 
Voc 


COM 


TRISTATE 
MODE SLOWER THAN REFRESH ONE SHOT TIMER 
NOTE: 
BOT sWitching 
not relevant. 


TRUTH TABLE 
Applicable 
to Typical 
Circuit 
ConfiguraUon 
(Figure 
1) 


INPUTS 
OUTPUTS 


TOP 
BOT 
TRIPL 
TRIPu 
PHASE 
VB1AS 
UPPER 
LOWER 
FAULT BAR 


0 
0 
0 
X 
X 
1 
0 
0 
1 


1 
1 
0 
0 
1 
1 
1 
0 
1 


1 
1 
0 
1 
1 
1 
0 
0 
0 


1 
1 
0 
X 
0 
1 
0 
0 
0 


X 
X 
1 
X 
X 
1 
0 
0 
0 


0 
1 
0 
X 
X 
1 
0 
1 
1 


1 
0 
0 
X 
X 
1 
0 
0 
1 


X 
X 
X 
X 
X 
0 
0 
0 
0 


CI)CI) 
a:w 
W:z: 
=:c..> 
a: •.... 
c- 
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3:c 
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Rcu 
Rou 


Rpu 


18 
18 
17 
15 
14 


01U 
G1U 
G2U 
TR1Pu 
PHASE 
VOUT 
13 


21 
VBS 
12 
CF 
... 
BOT 
0 
11 
OF 
~ 
VDF 
z 
22 
0 
TOP 
SP600 
10 
u 
HVIC 
D1L 
:IE 
RCl 
w 
nm:T 
8 
.. 
G1L 
<II~ 
2 
8 
RDl 
ITRIP SELECT 
G2L 


VBIAS 
Voo 
Vss 
TRIPL 
6 


5 
COM 
15V 


LEGEND 


Application 
Specific 
Rcu 
Upper Gate Charging Resistor 


Application 
Specific 
Rou 
Upper Gate Discharge Resistor 


Application 
Specific 
Rpu 
Upper Current Pilot Resistor 


Application 
Specific 
RcL 
Lower Gate Charging Resistor 


Application 
Specific 
ROL 
Lower Gate Discharging 
Resistor 


Application 
Specific 
RPL 
Lower Current Pilot Resistor 


31lF @ ~ 15DC 
COD 
Local LV Filter Capacnor 


O.221lF Ceramic X7R @ ~ 15Voc 
CF 
Flying Capacitor for Bootstrap Supply 


Harris PIN Al14M 
or Equiv PRY ~ VUNK 
OF 
Flying Diode for Bootstrap Supply 


Func#onaIDescrip#on 


The SP600 
provides a flexible, digitally controlled power 
function which is intended to be used as PWM drivers of 
n-channel 
MOSFETs and/or IGBTs lor up to 240VAC line 
rectified 
totem-pole 
applications. 
The 
CMOS 
driveable 
inputs are filtered and captured by the control logic to deter- 
mine the output state. The logic includes fixed timing to pro- 
hibit simultaneous conduction of the external power switches 
and, thru the VOUTsense detector, verifies the output voltage 
state 
is 
in 
agreement 
with 
the 
controlled 
inputs. 
The 
> 11VDC floating power supply required to drive the upper 
rail external power device is created and managed by the 
HVIC through Cf and Df. This capacitor is refreshed from the 
Voo supply each time VOUTgoes low. If the upper channel is 
commanded 
on for a long period of time, the bootstrap 
capacitor Cf is automatically refreshed by bringing VOUTlow. 
This is accomplished by turning off the upper rail MOSFETI 
IGBT, momentarily 
turning on the lower rail output device, 
followed by returning control back to the upper switch. Other- 
wise, Cf would gradually 
deplete 
its charge allowing the 
upper switch to come out of saturation. The upper and lower 
gate drivers allow for controlled charge and discharge rates 
as well as facilitate the use of nearly lossless current sensing 
power 
MOS devices. The over current 
trip level can be 
boosted 30% on a pulse ~Ise 
basis by logic level '1' 
applied to ITR1PSELECT.A FAULT output signal is generated 
when any of the following occurs: 


V bias is low 
Over current is detected 
V phase doesn't agree with the input signal 


Reset of FAULT is provided by externally removing power or 
by holding both TOP and BOT inputs low for the required 
reset time (trtMAX). 


Each application can be individually optimized by the selec- 
tion of external components tailored to ensure proper overall 
system operation including: 


Determining the ratings and sizing of MOSFETs and IGBTs, 
mixed or matched, as well as ftyback diodes (FBD). 


The selection of separate gate charge (Rd & discharge (Ro) 
impedance chosen per the load capacitance, 
frequency of 
operation, and DVDr dependent recovery characteristics 
of 


the associated 
FBDs. Ro should also be sized to prevent 


simultaneous bridge conduction by ensuring gate discharge 
in the allotted turn off pulse width ('oFF MIN)' 


The selection of over current detection resistors (Rp), com- 
patible with current sense MOSFETsIlGBTs 
or shunt(s) may 
be used. 


For the floating bootstrap supply DF & CF must be deter- 
mined. DF must support the worse case system bus voltage 
and handle the charging currents of CF Proper selection 
should take into consideration TRRand TFRper the desired 
operating frequency. Proper selection of CF is a trade off 
between the minimum ioN time of the lower rail to charge up 
the capacitor, the amount of charge transfer required by the 
load, and cost. Due to automatic 
refresh the capacitor 
is 
replenished every 350Jls TYP (or even sooner if input com- 
mands the TOP to switch at a faster repetition rate). 


The local filter capacitor (Coo) should be sized sufficiently 
large enough to transfer the charge to CF without causing a 
significant droop in VO[} As a rule of thumb it should be at 
least 10 times larger than CF and be located adjacent to the 
Voo 
and 
Vss 
pins 
to 
minimize 
series 
resistance 
and 
inductance. 
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HARRIS 
SEMICONDUCTOR 
SP601 


Description 


The SP601 is a smart power high voltage integrated circuit 
(HVIC) optimized to drive MOS gated power devices in half- 
bridge topologies. 
It provides 
the necessary 
control 
and 
management for PWM motor drive, power supply, and UPS 
applications. 


• Maximum 
RatIng 
.•.••.••..••••••••••••••••• 
500V 


• Ability 
to Interface 
and 
Drive 
Standard 
and Current 
Sensing 
N-Channel 
Power MOSFETnGBT Devices 


• Creation 
and Management 
of a Aoatlng 
Power Supply 
for Upper Rail Drive 


• Simultaneous 
Conduction 
Lockout 


• Overcurrent 
Protection 


• Single Low Current 
Bias Supply Operation 


• Latch Immune CMOS Logic 


• Peak Drive In Excess of 0.5 Amp 


PART 
TEMPERATURE 
PACKAGE 


SP601 
-40°C to +8SoC 
22 Pin Plastic DIP 


V_I 
6OR,w 
o 
3 
Vooo• 
VllF 
2.S0R8I 
o 
11 


G1L} 
8 
'" 
GZL 
~ 
• 


CAUTION: 
Th8le 
d9llic81 
are S8ns~ive to electrostatic 
discharge. 
Users should 
follow proper 
I.C. Handling 
Procedur8l. 


Copyright © Harris Corporation 
1992 


Absolute 
Maximum Ratings 
Full Temperature 
Range, 
All 
Voltage 
Referenced 
to V ss Unless 
Otherwise 
Noted. 
Notes 
1, 2. 


Low Voltage 
Power 
Supply, 
VB/AS (Note 
1) •••......••.•.. 
18Voc 
Floating 
Low Voltage 
BootStrap 
.•.••.••.•.......•.••. 
18Voc 
Power 
Supply 
to Phase, 
VBS 
Low Voltage 
Signal 
Pins 
Fault, ITRIP SEL' VoOo TRIPL, 
CL 1, G2L 
....•. 
-o.5Voc 
to Voo -Hl.5 
G1L, 
01L, 
Vo,," TOp, BOT 
CL2, TRIPu, 
Gl U, G2U, 
01 U to Phase 
•.•.. 
-o.5voc 
to VBS-Hl.5 


High Voltage 
Pins 
Phase, 
VpHASE •.•.••••......•.••..•.••..••..... 
SOOVoc 
(VBS' 
VOUT' TRIPu, 
CL2, 
G2U 
& 
OW: 
OV-18V 
Higher 
Than 
Phase) 
Dynamic 
High Voltage 
Rating 
Phase, 
........••••• 
10,oooVlIIS 


DVPHASEJdt 


NOTES: 


I. Care must be taken in the application 01 VBIASas not to ilT"4lOS8high peek dissipation demands on a relatively small metallized noise dropping resistor (RNO)' 


Prolonged high peek currents may resuh ~ +15Voc is applied abruptly and/or iftheloeal 
bypass capacitor Coo is large. It is suggested that Coo be S IOMFO. 


II it is desirable to swith 
the 15Voc source or il a COO is larger, addhional series impedance may be required. 


2. Consult lactory lor addhionel package offerings. 


CAUTION: 
Str6SS8s 
abOlll> 
those listed in "Absolute 
Maximum 
Ratings" may cause permanent 
damage to the device. 
This is a str9SS only rating and operation 


of the device at these or any other conditions 
abolIl> 
those indicated 
in the operational 
sections 
of this specification 
is not implied. 


Thermal 
Resistance, 
Junction-ta-Ambient 
&•• 
Plastic 
DIP Package 
75°C/W 
Maximum 
Package 
Power 
Dissipation 
at TA = +85°C, 
Po 
Plastic 
DIP Package 
•.••.•..••.••••......•.•••••• 
SOOmW 


Operating 
Ambient 
Temperature 
Range, 
TA •.••... 
-2SOC to +85°C 


Storage 
Temperature 
Range, 
T s •..•........... 
-4O"C to + 15O"C 


Electrical 
Specifications 
.(VB/AS = 15V, Pulsed 
<3OOms), 
Unless 
Otherwise 
Noted, 
All Parameters 
Referenced 
to 
Vss Except 
TRIPu, 
CL2, Gl U, OW, 
& VBS Referenced 
to PHASE. 
OF: VOF to VBS' 


CF: VBS to PHASE 


PARAMETER 
SYMBOL 
I 
TEMP 
I 
MIN 
TVP 
T MAX 
UNITS 


DC CHARACTERISnCS 


Input Current 
(SV < Vrop, 
VBOT, VTRIPSEL < lSV) 
IIN 
+25°C 
- 
20 
30 
IlA 


-4(j°C 
to +85°C 
- 
30 
33 
IlA 


IBIASQuiescent 
Current 
(All Inputs 
Low) 
IBlA~ 
+25°C 
- 
1.7 
2.05 
mA 


-4(j°C 
to +8SoC 
- 
1.7 
2.1 
mA 


IB1ASQuiescent 
Current 
(VOUT ~ VB/AS, and All Inputs 
IB1ASH 
+25°C 
- 
1.7 
2.05 
mA 


Low) 
-4(j°C 
to +8SoC 
- 
1.7 
2.1 
mA 


IBS Quiescent 
Current 
Bootstrap 
Supply 
IBS 
+25°C 
- 
875 
1000 
IlA 


-4(j°C 
to +8SoC 
- 
900 
1060 
IlA 


ENABLE 
Threshold 
Level 
Vrop 
+25°C 
7 
8 
9 
V 


-4(j°C 
to +85°C 
6.95 
8 
9.1 
V 


UP/ON 
Threshold 
Level 
VaOT 
+25°C 
7 
8 
9 
V 


-40oC to +85°C 
6.95 
8 
9.1 
V 


Current 
Trip Select 
Threshold 
Level 
VTRIPSEL 
+2SoC 
7 
8 
9 
V 


-40oC to +8SoC 
6.9S 
8 
9.1 
V 


Trip Lower 
and Upper 
Comparator 
Threshold 
VTRIPUUN 
+2SoC 
90 
10S 
125 
mV 


Level- 
Normal 
(ITRIPSEL= Vss) 
-4(j°C 
to +8SoC 
90 
105 
127 
mV 


Trip Lower 
and Upper 
Comparator 
Threshold 
VTRIPUUB 
+25°C 
110 
130 
150 
% 


Level - Boost 
(ITRIPsEL = Voo) % of Measured 
-4(j°C 
to +8SoC 
109 
130 
152 
% 
VTRIPUUN 


Under 
Voltage 
Lockout 
Thresholds 
(Voo & Yes> 
VLCCK 
+2SoC 
9 
10 
11.5 
V 


-40oC to +8SoC 
9.7 
10.5 
11.8 
V 


Phase 
Out of Status 
Voltage 
Threshold 
(PHASE) 
VOSVT 
+25°C 
S 
7 
9 
V 


-40°C 
to +85OC 
4.7 
7 
9.6 
V 


Faultbar 
Impedance 
at IFBAR= 1mA 
RF 
+2SoC 
SOO 
760 
1000 
n 


-40oC to +85°C 
450 
760 
1100 
n 


(1)(1) 
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Electrical Specifications 
.(VeIAS= 15V. Pulsed <3OOms), Unless Otherwise Noted. All Parameters Referenced to 
Vss Except TRIPu• CL2. G1 U, DW. & Ves Referenced to PHASE. DF: VoF to Ves. 
CF: Ves to PHASE (Continued) 


PARAMETER 
SYMBOL 
TEMP 
MIN 
TVP 
MAX 
UNITS 


UpperlLower 
Source Impedances 
(ISource= 10mA) 
RSOLA! 
+25°C 
12 
17 
23 
n 


-40OC to +85°C 
7 
17 
29 
n 


Upper/Lower 
Sink Impedances 
(IS1NK= 10mA) 
RS!LA! 
+25OC 
8 
12 
16 
n 


-40oC to +8SOC 
5 
12 
20 
n 


Bootstrap Supply Current Limiting Impedance 
Res 
+25°C 
2 
3.5 
5 
n 


-4Q0C to +85OC 
1.4 
3.5 
5.6 
n 


Noise Dropping Resistor Impedance 
RNo 
+25°C 
6 
10 
14 
n 


-400C to +85OC 
5.4 
10 
14.6 
n 


High Voltage Leakage (5OOVVes. VOUT.PHASE, 
ILK 
+25°C 
. 
1 
3 
IIA 


TRIPu• CL2, GW. G2U. & DW to Vss' All other Pins 
-40oC to +85°C 
- 
1 
3 
IIA 
atVss) 


Miller Clamp Diodes; D1U and D1L (10 = 10mA) 
VoWIl 
+25°C 
1.05 
1.4 
1.7 
V 


-40°C to +85°C 
1.05 
1.4 
1.7 
V 


Noise Clamping Zeners; CL2 and CL 1 (Iz = 10mA) 
VCl2l1-low 
+25°C 
6.35 
6.61 
6.85 
V 


-40oC to +85°C 
6.15 
6.61 
7.15 
V 


Noise Clamping Zeners; CL2 and CL 1 (Iz = 50mA) 
VCl2I'.High 
+25°C 
7.7 
8.1 
8.7 
V 


VOUTLimiting Resistance 
Ro 
+25°C 
2 
3.5 
5 
n 


-40oC to +85°C 
1.4 
3.5 
5.6 
n 


Switching Characteristics 
(All Referenced to V••• Except: Tripu. CI2, G1u. G2u. And D1u Referenced to PHASE. DF: VoF to Ves. 
CF: Ves to PHASE) 


PARAMETER 
SYMBOL 
TEMP 
MIN 
TYP 
MAX 
UNITS 


Refresh One Shot Timer 
, 
tREF 
+25°C 
200 
350 
500 
lIS 


-40OC to +85OC 
180 
350 
540 
lIS 


Delay Time of Trip I/u Voltage (lTRIPsel. low) to 
IoFFTN 
+25°C 
2 
3 
4 
lIS 
G2U/G2L Low (50% Overdrive 
-40oC to +85°C 
1.85 
3 
4.35 
lIS 


Delay Time of Trip I Voltage (lTRIPsel. low) to 
tFN 
+25°C 
2 
3 
4 
lIS 
Faultbar Low 
-40oC to +85°C 
1.85 
3 
4.35 
lIS 


Delay Time of Phase Out of Status to Faultbar 
IoSVF 
+25°C 
500 
700 
900 
ns 
Low (TOP High) 
-40oC to +85°C 
400 
700 
1050 
ns 


Minimum Logic Input Pulse Width: 
TOP & 
~INIW 
+25°C 
300 
430 
600 
ns 
BOTTOM 
-40oC to +85°C 
275 
430 
660 
ns 


Minimum G1U1G1L On Time 
ioN 
+25°C 
1.6 
2.3 
3.1 
lIS 


-40oC to +85°C 
1.5 
2.4 
3.4 
lIS 


Minimum Pulsed Off Time. G2U/G2L 
IoFF 
+25°C 
1.3 
2.0 
3.4 
lIS 


-400c to +85°C 
1.05 
2.1 
3.9 
lIS 


Turn On Delay Time of G 1U (BISTATE MODE) 
IoNo 
+25°C 
2.5 
3.2 
4.5 
lIS 


-40oC to +85°C 
2.1 
3.3 
5.2 
lIS 


Turn On Delay Time of G1 L (BISTATE MODE) 
IoNo 
+25°C 
2.5 
3.2 
4.5 
lIS 


-4Q°C to +85°C 
2.1 
3.3 
5.2 
lIS 


Switching 
Characteristics 
(All Referenced to V•• , Except: Tripu, CI2, Glu. 
G2u. And Dlu 
Referenced to PHASE. DF: VOFto VBS' 
CF: Vas to PHASE) (Continued) 


PARAMETER 
SYMBOL 
TEMP 
MIN 
TYP 
MAX 
UNITS 


Turn On Delay Time of G 1U (TRISTATE 
MODE) 
IoNo 
+25°C 
0.75 
1.0 
1.5 
lIS 


-40°C to +85°C 
0.60 
1.1 
1.75 
lIS 


Turn On Delay Time of G 1L (TRISTATE 
MODE) 
IoNo 
+25°C 
0.75 
1.0 
1.5 
lIS 


-40°C to +85°C 
0.60 
1.1 
1.75 
lIS 


Turn Off Delay Time of G2U and G2L 
IoFFo 
+25°C 
0.75 
1.0 
1.45 
lIS 


-40"C to +85°C 
0.60 
1.1 
1.75 
lIS 


Minimum Dead Time: G1U off to G1Lon, 
or G1L 
to.T. 
+25°C 
1.5 
2.5 
3.5 
lIS 
off to Gl U on (BISTATE 
MODE) 
-40oC to +85°C 
1.2 
2.6 
4 
lIS 


Fault Reset Delay to Clear Faultbar 
~.T. 
+25°C 
3.4 
4.5 
6.6 
lIS 


-40°C to +85OC 
3.15 
4.8 
7.4 
lIS 


Rise Time of Upper & Lower Driver (Load = 
~UIL 
+25OC 
25 
50 
100 
ns 
2000pF) 
-40°C to +85°C 
15 
50 
115 
os 


Fall Time of Upper & Lower Driver (Load = 
IF UIL 
+25°C 
25 
50 
100 
ns 
2000pF) 
-40oC to +85OC 
15 
50 
115 
ns 


Recommended 
Operating Conditions 
and Functional 
Pin Description 
(All Voltages Referenced to Vss• Unless 
Otherwise 
Noted. See Figure 1) 


PARAMETER 
CONDITION 


Faultbar 
Open Drain Fault Indicator Output 


ITR1PSELECT 
Digital Input Command to Increase TRIP Land 
U Threshold by 30% 


VB1AS 
14.5V to 16.5V with 15V nominal, '" 1.5mA DC BIAS Current 


VOO 
CODto Vss 


Vss 
COMMON 


Tripi 
l00mV 
Signal to Shut Off LOWER Drive and Trigger a Fault Output 


CLl 
Lower Noise Clamp Zener 


G2L&G1L 
Low Impedance 
Driver Designed to Drive Power MOS Transistors 
(LOWER) 


VOF 
Current Umiting Charging Resistor for Bootstrap Capacitor Power Supply 


VBS 
Bootstrap Supply, Normally a Diode Drop Below Voo Voltage with Respect to the Floating PHASE Reference 


VOUT 
Load Connection 
Node 


Phase 
Floating Reference Point for High Side Control Circuitry: Vas. TRIPu, CL2, Gl U, G2U & Dl U 


Tripu 
l00mV 
Signal, Referenced to PHASE, to Shut Off UPPER Drive 


CL2 
Upper Noise Clamp Zener 


G2U &GW 
Low Impedance 
Driver Designed to Drive Power MOS Transistors 
(UPPER) 


ENABLE 
Digital Input to ENABLE the UP/DN Command to Turn on Top/Bottom 
Devices 


UPIDN 
Digital Input to Top/Bottom 
Device (If ENABLE is High) 


DW 
Miller Clamp UPPER to VBS 


D1L 
Miller Clamp LOWER to Voo 


."." 
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Timing Diagram 


ENABLE 
1 
ENABLE 


0 
0 


UPIDOINN 
1 
UPIDOINN 
1 
0 
0 


REFRESH 
1 
REFRESH 
1 


ONE SHOT 
0 
ONE SHOT 
0 
1 
1 
IoNB 
0 
IoNB 
0 
1 
1 
VAUDBOTON 
0 
VAUDBOTON 
0 
1 
1 
10FFT 
0 
IoFFT 
0 
1 
1 
IoNT 
0 
IoNT 
0 
1 
10FFB 
1 
IoFF8 
0 
0 
1 
1 
UPPER 
UPPER 
0 
0 
1 
~ 
n 
1 
LOWER 
LOWER 
0 
0 


Vour 
VoeV 
--J 
VOUT 
Voe 


COM 
COM 


TRISTATE 
MODE SLOWER THAN REFRESH ONE SHOT TIMER 
NOTE: BOT switching not relevant. 


TRUTH TABLE 
Applicable to Typical Circuit Configuration 
(Figure 1) 


INPUTS 
OUTPUTS 


UPIDN 
ENABLE 
TRIPL 
TRIPu 
PHASE 
VB1AS 
UPPER 
LOWER 
FAULT BAR 


0 
0 
0 
X 
X 
1 
0 
0 
1 


1 
1 
0 
0 
1 
1 
1 
0 
1 


1 
1 
0 
1 
1 
1 
0 
0 
0 


1 
1 
0 
X 
0 
1 
0 
0 
0 


X 
X 
1 
X 
X 
1 
0 
0 
0 


0 
1 
0 
X 
X 
1 
0 
1 
1 


1 
0 
0 
X 
X 
1 
0 
0 
1 


X 
X 
X 
X 
X 
0 
0 
0 
0 


Rcu 
ROU 


Rpu 


18 
18 
17 
15 
14 


D1U 
G1U 
G2U 
TR1PU 
PHASE 
Vour 
13 


VBS 
12 
CF 


ENABLE 
11 
OF 
VOUT 


VDF 
•••• 
JYYV\. •••• 


UPIDN 
SP601 
10 
LOAD 
HVIC 
D1L 


FAULT 
8 
RCl 
G1L 


'TRIP SELECT 
8 
RDl 
G2L 


VBIAS 
Voo 
Vss 
TR1Pl 
6 


5 
Rpl 
COM 


LEGEND 


Application 
SpecifIC 
Rcu 
Upper Gate Charging Resistor 


Application 
Specific 
Rou 
Upper Gate Discharge Resistor 


Application 
Specific 
Rpu 
Upper Current Pilot Resistor 


Application 
Specific 
RCl 
lower 
Gate Charging Resistor 


Application 
Specific 
ROl 
lower 
Gate Discharging 
Resistor 


Application 
Specific 
RPl 
lower 
Current Pilot Resistor 


3~F @'" 
15DC 
COD 
locallV 
Filter Capacitor 


O.22~F Ceramic X7R @ '" 15Voc 
CF 
Flying Capacitor for Bootstrap Supply 


Harris PIN A114M or Equiv PRY '" VUNK 
DF 
Flying Diode for Bootstrap Supply 
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a:w 
W:z: 
~~ 
a:f- 
0- 
a: 3: 
w.., 
3:0 
OZ 
0..< 


•••••••••••• 01•••••••.•• '-'\,,11 ~'<OJ 
QI tUlUI 
.'-"U I,;;) IVI 
UtJ tV '-.VVM.V 1lfi\P~~1lt:tlll 
upttrauon 
Incluolng: 


rectified 
totem-pole 
applications. 
The 
CMOS 
driveable 
inputs are filtered and captured by the control logic to deter- 
mine the output state. The logic includes fixed timing to pro- 
hibit simultaneous conduction of the external power switches 
and, thru the VOUTsense detector, verifies the output voltage 
state 
is 
in 
agreement 
with 
the 
controlled 
inputs. 
The 
> 11VDC floating power supply required to drive the upper 
rail external power device is created and managed by the 
HVIC through Cf and Df. This capacitor is refreshed from the 
Voo supply each time VOUTgoes low. If the upper channel is 
commanded 
on for a long period of time, the bootstrap 
capacitor Cf is automatically refreshed by bringing VOUTlow. 
This is accomplished by turning off the upper rail MOSFETI 
IGBT, momentarily 
turning on the lower rail output device, 
followed by returning control back to the upper switch. Other- 
wise, Cf would gradually 
deplete 
its charge allowing the 
upper switch to come out of saturation. The upper and lower 
gate drivers allow for controlled charge and discharge rates 
as well as facilitate the use of nearly lossless current sensing 
power MaS 
devices. The over current trip level can be 
boosted 30% on a pUlse~lse 
basis by logic level '1' 
applied to ITR1PSELECT-A FAULT output signal is generated 
when any of the following occurs: 


V bias is low 
Over current is detected 
V phase doesn't agree with the input signal 


Reset of F'A(jjJ is provided by externally removing power or 
by holding the ENABLE input low for the required reset time 
(trtMAX)' 


Determining the ratings and sizing of MOSFETs and IGBTs, 
mixed or matched, as well as flyback diodes (FBD). 


The selection of separate gate charge (Rd & discharge (Ro) 
impedance chosen per the load capacitance, frequency of 
operation, and D"Dr dependent recovery characteristics 
of 
the associated 
FBDs. Ro should also be sized to prevent 


simultaneous bridge conduction by ensuring gate discharge 
in the allotted turn off pulse width ('oFF MIN)' 


The selection of over current detection resistors (Rp), com- 
patible with current sense MOSFETsllGBTs 
or shunt(s) may 
be used. 


For the floating bootstrap supply DF & CF must be deter- 
mined. DF must support the worse case system bus voltage 
and handle the charging currents 
of CF Proper selection 
should take into consideration TRRand TFRper the desired 
operating frequency. Proper selection of CF is a trade off 
between the minimum ioN time of the lower rail to charge up 
the capacitor, the amount of charge transfer required by the 
load, and cost. Due to automatic 
refresh the capacitor 
is 
replenished every 350llS TYP (or even sooner if the UPIDN 
input switches at a faster repetition rate). 


The local filter capacitor (Coo) should be sized sufficiently 
large enough to transfer the charge to CF without causing a 
significant droop in Voo- As a rule of thumb it should be at 
least 10 times larger than CF and be located adjacent to the 
Voo 
and 
Vss 
pins 
to 
minimize 
series 
resistance 
and 
inductance. 


DATA SHEETS 


MUR810, MUR815, MUR820 
RUR810, RUR815, RUR820 


MUR840, MUR850, MUR860 
RUR840, RUR850, RUR860 


MUR870E/880E/890E/8100E 
RUR870/880/890/8100 


MUR1510/1515/1520 
RUR1510/1515/1520 


MUR1540/1550/1560 
RUR1540/1550/1560 


RUR1570, RUR1580 
RUR1590,RUR15100 


RUR3010/3015/3020 


RUR3040/3050/3060 


RUR3070/3080/3090/30100 


RURD810/815/820 


MUR1610CT, MUR1615CT, 
MUR1620CT, RUR1610CT, 
RUR1615CT,RUR1620CT 


MUR3010PT, MUR3015PT, 
MUR3020PT, RURD1510, 
RURD1515, RURD1520 


MUR3040PT, MUR3050PT, 
MUR3060PT, RURD1540, 
RURD1550, RURD1560 


RURD1610/1615/1620 


RURD3010/3015/3020 


RURD3040/3050/3060 


8A High-Speed, High-Voltage, High-Efficiency Epitaxial . . . . . . . . . . . . . . . . . . . . . .. 
12-5 
Silicon Rectifiers 


8A Ultrafast Diode With Soft Recovery Characteristic. . . . . . . . . . . . . . . . . . . . . . . . . .. 
12-8 


30A Ultrafast Diode With Soft Recovery Characteristic 
12-20 


30A Ultrafast Diode With Soft Recovery Characteristic 
12-23 


30A Ultrafast Diode With Soft Recovery Characteristic 
12-26 


Dual8A High-Speed, High-Efficiency Epitaxial Silicon Rectifiers. . . . . . . . . . . . . . .. 
12-29 


Dual8A High-Speed, High-Efficiency Epitaxial Silicon Rectifiers................ 
12-31 


Dual16A High-Speed, High-Efficiency Epitaxial Silicon Rectifiers. . . . . . . . . . . . . .. 
12-41 


30A Ultrafast Dual Diode With Soft Recovery Characteristics. . . . . . . . . . . . . . . . . . .. 
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mlHARRIS 


• Ultrafast Recovery Time 
(trr < 35ns) 


Description 


MUR810. MUR815. 
MUR820 
and 
RUR810. RUR815. 


RUR820 are low forward voltage drop ultrafast recovery 
rectifiers 
(trr < 35ns). 
They 
use 
a 
glass-passivated 
ion-implanted. epitaxial construction. 


These devices are intended for use as output rectifiers and 
flywheel diodes in a variety of high-frequency pulse-width 
modulated switching regulators. Their low stored charge 
and attendant fast reverse-recovery behavior minimize 
electrical noise generation and in many circuits markedly 
reduce the turn-on dissipation of the associated power 
switching transistors. 


All are supplied in TO-220AC packages. 


MUR810 
MUR815 
MUR820 
RUR820 
SA High-Speed, 
High-Efficiency 
Epitaxial 
Silicon Rectifiers 


RUR810 
RUR815 


CATHODE§[} 
(FLA~GE) 0 
> ANODE 


l-+ 
-----" 
CATHODE 


Peak Repetitive Reverse Voltage .................•••••........••• 
VRRM 
Average Rectified 
Forward Current 
TA = 25°C (No Heat Sink) 
................•......•••••••.....• 
IF(AV) 
TA = 250C (With HeatSink)* 
....•..•.....•••.......••.•••••... 
IF(AV) 
TA = 150°C' 
..••.......................••.•••••.....•••••••. 
IF(AV) 
Nonrepetitive 
Peak Surge Current 
..............••••.....••••••••• 
IFSM 
(8.3ms, Y, cycle) 
Operating 
and Storage Temperature 
.•.••..................... 
TSTG, TJ 
Maximum Lead Temperature During Solder ..........•••••......•.•... 
TL 
(At distance> 
Ye"(3.17mm) from case or 1Os maxI 


MUR810 
MUR815 
MUR820 
RUR810 
RUR815 
RUR820 


100V 
150V 
200V 


3A 
3A 
3A 
8A 
8A 
SA 
8A 
8A 
SA 
100A 
100A 
100A 


-650C to + 1750C 
-650Cto+1750C 
-650C to + 1750C 
260°C 
26QOC 
2600C 


•... ." 
"'a: 
Cw 
... - 
I 
••• 


j:2i= 
....... 
...• 
w 
::la: 


LIMITS 


TEST 
MUR810, RUR810 
MUR815. RUR815 
MUR820, RUR820 


SYMBOL 
CONDITION 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 


VF 
IF=8A 
- 
- 
0.83 
- 
- 
0.83 
- 
- 
0.85 
V 


TC = +150oe 


IF=8A 
- 
- 
0.975 
- 
- 
0.975 
- 
- 
1 
V 


Te=+250e 


IR@ 
VR= 100V 
- 
- 
250 
- 
- 
- 
- 
- 
- 
flA 
Te = +150oe 
VR = 150V 
- 
- 
- 
- 
- 
250 
- 
- 
- 
~A 


VR =200V 
- 
- 
- 
- 
- 
- 
- 
- 
250 
flA 


IR@ 
VR=l00V 
- 
- 
5 
- 
- 
- 
- 
- 
- 
flA 
Te=+250e 
VR= 150V 
- 
- 
- 
- 
- 
5 
- 
- 
- 
flA 


VR = 200V 
- 
- 
- 
- 
- 
- 
- 
- 
5 
flA 


frr 
IF=lA* 
- 
- 
35 
- 
- 
35 
- 
- 
35 
ns 


Rejc 
- 
- 
3 
- 
- 
3 
- 
- 
2 
oem 


Reia 
- 
- 
60 
- 
- 
60 
- 
- 
60 
oem 


eJ 
VR = 10V 
- 
40 
- 
- 
40 
- 
- 
40 
- 
pF 
IF=OA 


160 
REAPPLIED 
VR I PK I· 
VRM 
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RUR840 
RUR850 
MUR860 
RUR860 
8A High-Speed, 
High-Voltage, 


High Efficiency 
Epitaxial Silicon Rectifiers 


mHARRIS 


• Ultrafast Recovery Time 
(trr < 50ns) 


Description 


MUR840, 
MUR850, 
MUR860 
and 
RUR840, RUR850, 


RUR860 are low forward voltage drop ultrafast recovery 
rectifiers 
(trr < 50ns). 
They 
use 
a 
glass-passivated 


ion-implanted. epitaxial construction. 


These devices are intended for use as output rectifiers and 
flywheel diodes in a variety of high-frequency pulse-width 
modulated switching regulators. Their low stored charge 
and attendant fast reverse-recovery behavior minimize 
electrical noise generation and in many circuits markedly 
reduce the turn-on 
dissipation of the associated power 
switching transistors. 


All are supplied in TO-220AC packages. 


MUR840 
MUR850 


CATHODE§[} 
(FL.A~GE) 0 
.ANODE 
L-. 
~----' 
CATHODE 


Peak Repetitive Reverse Voltage ••.•......•...........•••.•..•... 
VRRM 
Working 
Peak Reverse Voltage, VRWM 
DC Blocking 
Voltage. VR 
Average Rectified Forward Current 
••••.....•...•........•.•.•.•• 
IF(AV) 
Total Device. (Rated VR), TC = 1500C 
Peak Repetitive Forward Curent ......................•••.....••••• 
IFM 
(Rated VR. Square Wave. 20kHz), TC = 15QOC 
Nonrepetitive 
Peak Surge Current 
............•...•••••••••..•.... 
IFSM 
(Surge Applied at Rated Load Conditions 
Halfwave. Single Phase, 60Hz) 
Operating 
and Storage Temperature 
.•.....•••...............• 
TSTG, TJ 
Maximum Lead Temperature During Solder .•••••..................... 
TL 
(At distance> 
Va"(3.17mm) from case or 10s max) 


MUR840 
MUR850 
MUR860 
RUR840 
RUR850 
RUR860 


400V 
500V 
600V 


8A 
8A 
8A 


16A 
16A 
16A 


100A 
100A 
100A 


-650C to + 1750C 
-650C to +1750C 
-65OC to + 1750C 
260°C 
2600C 
2600C 


1-(1) 
<l)e: 
<w 
u... _ 
I 
u... 
<- 
e:1- 
1-<'> 
...• 
w 
:::Ie: 


Electrical 
Characteristics 
(Tc = +250C) Unless Otherwise Specified. 


LIMITS 


TEST 
MUR840, RUR840 
MUR850, RUR850 
MUR860, RUR860 


SYMBOL 
CONDITION 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 


VF 
IF=8A 
- 
- 
1.0 
- 
- 
1.2 
- 
- 
1.2 
V 
TC=+1500C 


IF=8A 
- 
- 
1.3 
- 
- 
1.S 
- 
- 
1.S 
V 


TC=+2S0C 


IR@ 
VR=400V 
- 
- 
500 
- 
- 
- 
- 
- 
- 
~ 
TC=+1S00C 
VR=SOOV 
- 
- 
- 
- 
- 
SOO 
- 
- 
- 
~ 


VR=600V 
- 
- 
- 
- 
- 
- 
- 
- 
SOO 
~ 


IR@ 
VR=400V 
- 
- 
10 
- 
- 
- 
- 
- 
- 
~ 
TC= +2SoC 
VR=SOOV 
- 
- 
- 
- 
- 
10 
- 
- 
- 
~ 


VR=600V 
- 
- 
- 
- 
- 
- 
- 
- 
10 
~ 


trr 
IF=1A" 
- 
- 
60 
- 
- 
60 
- 
- 
60 
ns 


IF = O.S"" 
- 
- 
SO 
- 
- 
SO 
- 
- 
SO 
ns 


Rejc 
- 
- 
2 
- 
- 
2 
- 
- 
2 
oem 


"dlF/dt = SON~s 


""IR =1.0A, IREC = 0.2SA. 


100. 
TYPICAL 
FORWARD 
VOLTAGE 
'00. 
TYPICAL 
FORWARD 
VOLTAGE 
• 
-- 
· 
~ 


4 


~ Y' 


4 


~ 


2 


~ 


2 


~ 
~ 
'0• 
i~/;/ 


'0• 
~/ / 
• 
~ • 


~ 
~ 


4 
:> 
4 
.~ 
I 
:> 


~~ 


~ 


I~ ''l 


~ 
2 
.. 
2 
.~ 
.. 
H 
~ 
H , 
III 


, 
l( 
· 
• rv 


• 
• 
4 :/; 


4 


/ 
I 
~ 


.. 


2 
2 


0·1 
0·' 


O. 
0·0 
0.8 
, 
,., 
1.' 
to 
1.8 , 
0.' 
M 
0.8 
, 
1.' 
... 
to 
1·8 
• 
VF(VOLTS) 
VF(VOLTS) 


FIGURE 1. TYPICAL FORWARD VOLTAGE 
FIGURE 2. TYPICAL FORWARD VOLTAGE (MUR850, 


(MUR840, RUR840) 
MUR860, RUR850, AND RUR860) 
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FIGURE 3. TYPICAL REVERSE LEAKAGE 
FIGURE 4. TYPICAL REVERSE LEAKAGE (MUR850, 


(MUR840, RUR840) 
MUR860, RUR850, AND RUR860) 
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MUR870E, MUR880E, MUR890E 


MUR8100E, 
RUR870, RUR880 


RUR890, RUR8100 


8A Ultrafast Diode 


With Soft Recovery Characteristic 


mHARRIS 


• Ultrafast with Soft Recovery Characteristic 
(trr < 75ns) 


• +1750C Rated Junction 
Temperature 


• Reverse Voltage Up to 1000V 


• Avalanche Energy Rated 
CATHODEffJ 
(FLA~GE) 0 
"""';::=;:» ANODE 
L-. 
-------- ~CATHODE 


Applications 


• Switching Power Supply 


• Power Switching Circuits 


• General Purpose 


Description 


MUR870E, 
MUR880E, 
MUR890E, 
MUR8100E 
and 
RUR870, RUR880, RUR890, RUR8100 are ultrafast dual 
diodes 
(trr < 75ns) with 
soft 
recovery characteristics 
(ta/tb "" 0.5).They havea low forward voltagedrop and are 
of planar,silicon nitride passivated,ion-implanted, epitaxial 
construction. 


These devices are intended for use as energy steering/ 
clamping diodes and rectifiers in a variety of switching 
power supplies and other power switching applications. 
Their low stored charge and ultrafast recovery with soft 
recovery characteristics minimizes ringing and electrical 
noise in manypower switching circuits thus reducing power 
loss in the switching transistor. 


All are supplied in TO-220AC packages. 


Peak Repetitive Reverse Vollage ..••.•......... 
VRRM 
Working 
Peak Reverse Voltage .....•••...•••• 
VRWM 
DC Blocking Vollage 
..••..•.•....•.••........... 
VR 
Average Rectified 
Forward Current 
.•••...•.••• 
IF(AV) 
(Tolal device forward current at rated 
VR and Tc = 1500C) 
Peak Forward Repetitive Current 
...•........... 
IFRM 
(Rated VR, square wave 20kHZ) 
Nonrepetitive 
Peak Surge Current 
•.•••......... 
IFSM 
(Surge applied at rated load 
condition 
halfwave 1phase 60Hz) 
Operating 
and Storage Temperature 
•....•.. 
TSTG' TJ 


MUR870E 
MUR880E 
MUR890E 
MUR8100E 
RUR870 
RUR880 
RUR890 
RUR8100 


700V 
BOOV 
900V 
1000V 
700V 
BOOV 
900V 
1000V 
700V 
BOOV 
900V 
1000V 
BA 
BA 
BA 
BA 


16A 
16A 
16A 
16A 


100A 
100A 
100A 
100A 


-550C to +1750C 
-55OC to +1750C 
-550C to +1750C 
-55OC to +1750C 


IR@ 
Te = +150oe 


IR@ 
Te = +250e 


LIMITS 


TEST 
MUR870E, RUR870 
MUR880E, RUR880 
MUR890E, RUR890 
MUR8100E, RUR8100 


CONDITION 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 


IF=8A 
1.50 
1.50 
1.50 
1.50 
V 
Te=+1500e 


IF=8A 
1.80 
1.80 
1.80 
1.8 
V 
Te=+250e 


VR=7ooV 
500 
~A 


VR =8OOV 
500 
~ 


VR=9OOV 
500 
~A 


VR= 1000V 
500 
~A 


VR=7ooV 
25 
~A 


VR = 500V 
25 
~ 


VR =6OOV 
25 
~A 


VR = 1000V 
25 
~A 


IF=1A 
100 
100 
100 
100 
ns 


IF=8A 
110 
110 
110 
110 
ns 


IF= 1A 
40 
40 
40 
40 
ns 


IF=8A 
45 
45 
45 
45 
ns 


IF=1A 
20 
20 
20 
20 
ns 


IF=8A 
20 
20 
20 
20 
ns 


2.0 
2.0 
2.0 
2.0 
°elW 


see Fig. 7&8 
20 
20 
20 
20 
mj 


Definitions 


VF = Instantaneous 
forward voltage (pw = 300~s, 0 = 2%). 


IR = Instantaneous 
reverse current (pw = 300/l5, 
0 = 2%). 


trr = Reverse recovery time at dlF/dt = , OOAl~s (See Figure 2). 
summation 
of ta + tb- 


ta = Time to reach peak reverse current at dlF/dt = 1OON~s 
(See Figure 2). 


Vl 
amplitude controls IF 
V2 amplitude 
controls 
di/dt 
l, 
= self inductance of R4 


tb = Time from peak IRM to projected zero crossing of IRM based on a 
straight line from peak IRM through 
25% of IRM' (See Figure 2) 


Rejc = Thermal resistance junction to case. 


Wavl 
:::I Controlled 
avalanche energy (See Figures 7 & 8). 


pw = pulse width. 
o = duty cycle. 


1-(1) 
(1)= 
<w 
U. _ 
I 
U. 


e2~ 
1-(.) 
...• 
w 
:::::1= 


t1 ~ 5 ta (max) 
12> If' 


t3 > ° 
~ 
~ 
ta(min) 
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El)HARRIS 


• Ultrafast with Soft Recovery Characteristic 
(trr < 30ns) 


Description 


MUR1510, 
MUR1515, 
MUR1520 
and 
RUR1510, 


RUR1515, RUR1520 are ultrafast dual diodes (trr < 30ns) 
with soft recovery characteristics (ta/tb '" 1). They have a 
low forward voltage drop and are of planar, silicon nitride 
passivated, ion-implanted, epitaxial construction. 


These devices are intended for use as energy steering/ 
clamping diodes and rectifiers in a variety of switching 
power supplies and other power switching applications. 
Their low stored charge and ultrafast recovery with soft 
recovery characteristics minimizes ringing and electrical 
noise in many power switching circuits thus reducing power 
loss in the switching transistor. 


MUR1510 
MUR1515 
MUR1520 
RUR1520 
15A Ultrafast Diode 
With Soft Recovery Characteristic 


RUR1510 
RUR1515 


CATHODE~ 
(FLA~GE) 0 
> ANODE 


l....+ 
-----~ 
CATHODE 


Peak Repetitive Reverse Vollage .............................•... 
VRRM 
Working Peak Reverse Voltage •....••.•••.....•.•••...•.......• 
VRWM 
DC Blocking Vollage .......••••....••••........•...........•..•... 
VR 
Average Rectified Forward Current 
............................•. 
IF(AV) 
(Tolal device forward current at rated 
VR andTc = 1500C) 
Peak Forward Repetitive Current ......•••••..........•........... 
IFRM 
(Rated VR, square wave 20kHZ) 
Nonrepetitive Peak Surge Current 
..................•••••••.....•. 
IFSM 
(Surge applied at rated load 
condition halfwave 1phase 60Hz) 
Operating and Storage Temperature 
TSTG,TJ 


MUR1510 
MUR1515 
MUR1520 
RUR1510 
RUR1515 
RUR1520 


100V 
150V 
200V 
100V 
150V 
200V 
100V 
150V 
200V 
15A 
15A 
15A 


30A 
30A 
30A 


200A 
200A 
200A 


-550C to +1750C 
-55OC to +1750C 
-55OC to +1750C 


•... ", 
"'a: 
< ••• 
... - 
I 
••• 


~i= 
•... (.) 
....... 
:::I a: 


Electrical 
Characteristics 
(Tc ~ +25°C) Unless Otherwise Specified. 


LIMITS 


TEST 
MUR1510, RUR1510 
MUR1515,RUR1515 
MUR1520, RUR1520 


SYMBOL 
CONDITION 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 


VF 
IF=15A 
- 
- 
0.85 
- 
- 
0.85 
- 
- 
0.85 
V 


TC = +150oC 


IF= 15A 
- 
- 
1.05 
- 
- 
1.05 
- 
- 
1.05 
V 


TC = +250C 


IR@ 
VR= 100V 
- 
- 
500 
- 
- 
- 
- 
- 
- 
pA 
TC = +1500C 
VR= 150V 
- 
- 
- 
- 
- 
500 
- 
.. 
- 
pA 


VR=200V 
- 
- 
- 
- 
- 
- 
- 
- 
500 
pA 


IR@ 
VR= 100V 
- 
- 
10 
- 
- 
- 
- 
- 
- 
pA 
Tc=+250C 
VR= 150V 
- 
- 
- 
- 
- 
10 
- 
- 
- 
I'A 


VR=200V 
- 
- 
- 
- 
- 
- 
- 
- 
10 
pA 


trr 
IF= 1A 
- 
- 
30 
- 
- 
30 
- 
- 
30 
ns 


IF=15A 
- 
- 
35 
- 
- 
35 
- 
- 
35 
ns 


ta 
IF=lA 
- 
18 
- 
- 
18 
- 
- 
18 
- 
ns 


IF= 15A 
- 
20 
- 
- 
20 
- 
- 
20 
- 
ns 


tb 
IF= 1A 
- 
9 
- 
- 
9 
- 
- 
9 
- 
ns 


IF= 15A 
- 
10 
- 
.. 
10 
- 
- 
10 
- 
ns 


REljc 
- 
- 
1.5 
- 
- 
1.5 
- 
- 
1.5 
°CIW 


Wavl 
see Fig. 7&8 
- 
- 
20 
- 
- 
20 
- 
- 
20 
mj 


Definitions 


VF = Instantaneous 
forward voltage (pw = 300~s, 0 = 2%). 
tb :l: Time from peak IRM to projected 
zero crossing 
of IRM based 
on a 


IR = Instantaneous 
reverse 
current 
(pw "'" 300 •.•.5, D "" 2%). 
straight!ine 
from 
peak IRM through 
25% of IRM. (See Figure 
2) 


trr"" 
Reverse 
recovery 
time at dlF/dt 
- 
100NjlS 
(See Figure 
2), 
RejC - Thermal 
resistance 
junction 
to case. 


summation 
of ta + tb' 
Wavl "" Controlled 
avalanche 
energy 
(See Figures 
7 & e). 


la "" Time to reach 
peak 
reverse 
current 
at dlF/dt 
= 100NJ.lS 
pw "" pulse width. 
(See Figure 
2). 
o "" duty cycle. 
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V2 amplitude 
controls 
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F1GURE 1. Ir, TEST CIRCUIT 
FIGURE 2. DEFINITIONS OF Ir" ta AND tb 
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MUR1540 
MUR1550 
MUR1560 
RUR1560 


15A Ultrafast 
Diode 


With Soft Recovery 
Characteristic 


RUR1540 
RUR1550 
mHARRIS 


• Ultrafast with Soft Recovery Characteristic 
(trr < 55ns) 


CATHODE§j[J 
(FlA~GE) 0 
....••• 
=~.ANODE 
l-+ 
-' 
CATHODE 


Description 


MUR1540, 
MUR1550, 
MUR1560 
and 
RUR1540, 


RUR1550, RUR1560 are ultrafast dual diodes (trr < 55ns) 
with soft recovery characteristics (ta/tb '" 1). They have 
a low forward voltage drop and are of planar, silicon nitride 
passivated, ion-implanted, epitaxial construction. 


These devices are intended for use as energy steering/ 
clamping diodes and rectifiers in a variety of switching 
power supplies and other power switching applications. 
Their low stored charge and ultrafast recovery with soft 
recovery characteristics minimizes ringing and electrical 
noise in many power switching circuits thus reducing power 
loss in the switching transistor. 


Peak Repetitive Reverse Voltage 
VRRM 
Working 
Peak Reverse Voltage ....................•••......•••. 
VRWM 
DC Blocking Voltage 
VR 
Average Rectified Forward Current 
.•..•••.....•.••••••....•••••• 
IF(AV) 
(Total device forward current at rated 
VR and Tc = 150OC) 
Peak Forward Repetitive Current 
.................•............... 
IFRM 
(Rated VR, square wave 20kHZ) 
Nonrepetitive 
Peak Surge Current 
.......•••......•.•••••.•.....•. 
'FSM 
(Surge applied at rated load 
condition 
halfwave 1phase 60Hz) 
Operating 
and Storage Temperature 
...........•.•........•.••••.. 
Ts, Tj 


MUR1540 
RUR1540 


400V 
400V 
400V 
15A 


MUR1550 
RUR1550 


SOOV 
SOOV 
SOOV 
15A 


MUR1560 
RUR1560 


600V 
600V 
600V 
15A 


Electrical 
Characteristics 
(Tc = +250Cj Unless Otherwise Specified. 


LIMITS 


TEST 
MUR1540. RUR1540 
MUR1550, RUR1550 
MUR1560, RUR1560 


SYMBOL 
CONDITION 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 


VF 
IF=15A 
- 
- 
1.12 
- 
- 
1.20 
- 
- 
1.20 
V 
TC = +150oC 


IF= 15A 
- 
- 
1.25 
- 
- 
1.SO 
- 
- 
1.50 
V 
TC = +250C 


IR@ 
VR=400V 
- 
- 
SOO 
- 
- 
- 
- 
- 
- 
JJA 
TC=+1500C 
VR=500V 
- 
- 
- 
- 
- 
500 
- 
- 
- 
JJA 


VR=600V 
- 
- 
- 
- 
- 
- 
- 
- 
500 
JJA 


IR@ 
VR=400V 
- 
- 
10 
- 
- 
- 
- 
- 
- 
JJA 
TC=+250C 
VR= 500V 
- 
- 
- 
- 
- 
10 
- 
- 
- 
JJA 


VR=600V 
- 
- 
- 
- 
- 
- 
- 
- 
10 
JJA 


Irr 
IF= 1A 
- 
- 
55 
- 
- 
55 
- 
- 
55 
ns 


IF=15A 
- 
- 
60 
- 
- 
60 
- 
- 
60 
ns 


la 
IF=1A 
- 
20 
- 
- 
20 
- 
- 
20 
- 
ns 


IF=15A 
- 
30 
- 
- 
30 
- 
- 
30 
- 
ns 


Ib 
IF=1A 
- 
15 
- 
- 
15 
- 
- 
15 
- 
ns 


IF= 15A 
- 
17 
- 
- 
17 
- 
- 
20 
- 
ns 


RSic 
- 
- 
1.5 
- 
- 
1.5 
- 
- 
1.5 
ocm 


Wavl 
see Fig.7&8 
- 
- 
20 
- 
- 
20 
- 
- 
20 
mj 


Definitions 


VF = Instantaneous 
forward 
voltage 
(pw = 3001lS.D = 2%). 
tb = Time from peak IRM to projected 
zero crossing 
of IRM based 
on a 


IR ••• Instantaneous 
reverse 
current 
(pw as 300Jjs, 
0 = 2%). 
straight 
line from peak 
IRM Ihrough 
25% of IRM. (See Figure 
2) 


tf, 
"'" Reverse 
recovery 
time at dlF/dt - 
100Al •.•s (See Figure 
2), 
Reic - Thermal 
resistance 
junction 
to case. 


summation 
of ta + lb- 
Wavl - 
Controlled 
avalanche 
energy 
(See Figures 
7 & B). 
ta '"'"Time to reach 
peak reverse 
current 
at dlF/dt = 100AlJ.ls 
pw - 
pulse width. 


(See Figure 2). 


D - 
duly 
cycle. 
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FIGURE 1. trr TEST CIRCUIT 
FIGURE 2. DEFINITIONS OF Irr, 
fa AND tb 


1-.", 
""a: 
Cw 
.... - 
I 
•••• 


i:2i= 
1-<'> 
...• 
w 
:;)a: 


g10.00 
•...zwa:a: 
i3 
1.00 
oa: 
~ 
~ 
0.10 
u. 


•... 
Zwa:a: 
::>u 
w 
(J)a: 
w 
iU 
a: 
0.010 


0.01 
0.0 
0.2 
0.4 
0.6 
0.8 
1.0 
1.2 
1.4 
1.6 
1.8 
FORWARD VOLTAGE DROP (V) 


80.0 


70.0 


60.0 


'" 
SO.o 
c 
-" 
40.0 


..'J 
30.0 
- 


20.0 


10.0 


/ 


Irr 
~ 


.,... ,/ 


I. 


Ib 


...••.. 
" .'\'\ \de 


SQUARE WAVE '\.\ 


~, 
\\ 


18 


~ 
14 
:;- 
< 12 
u:- 


,.: 10 
z 
~ 
8 
a: 
::>u 
6 
w 
~ 
4 
a: 
~ 
2 
< 
o140 
145 
1SO 
155 
160 
165 
170 
175 
100 


CASE TEMPERATURE, 
Te (OC) 


R + 
VOO 


Vavl 


CURRENT 
1 1 
/ 
SENSE 
/ 
"-Il 
I 
V 
/ 
"- 
/ 
"- 
/ 
" 
10 
11 
12 
1- 


m HARRIS 
RUR1570/1580, 
RUR1590/15100 
15A Ultrafast Diode 
With Soft Recovery Characteristic 


• Ultrafast with Soft Recovery Characteristic 
(trr < 100ns) 


• +1750C Rated Junction Temperature 


• Reverse Voltage Up to 1000V 


• Avalanche Energy Rated 


• Planar Construction 


CATHODEB[l 
(FLA~GE) 0 
==:;:." ANODE 
l.-+ 
~. 
CATHODE 


Applications 


• Switching Power Supply 


• Power Switching Circuits 


• General Purpose 


Description 


RUR1570, RUR1580, RUR1590, RUR15100 are ultrafast 
diodes with soft recovery characteristics (trr < 100ns). 
They 
have 
a 
low 
forward 
voltage 
drop 
and 
are 
silicon 
nitride 
passivated, 
ion-implanted, 
epitaxial 
construction. 


These devices are intended for use as flywheel/clamping 
diodes and rectifiers in a variety of switching power 
supplies and other power switching applications.Their low 
stored charge and ultrafast recovery with soft recovery 
characteristics minimizes ringing and electrical noise in 
many power switching circuits thus reducing power loss in 
the switching transistor. 


All are supplied in TO-220AC packages. 


RUR1570 
RUR1580 
RUR1590 
RUR15100 
Peak Repetitive Reverse Voltage •.....•••.....• 
VRRM 
700V 
800V 
900V 
1000V 
Working 
Peak Reverse Voltage ••....•.•.•.... 
VRWM 
700V 
800V 
900V 
1000V 
DC Blocking Voltage .....•.....•.....•.•......•• 
VR 
700V 
800V 
900V 
1000V 
Average Rectified 
Forward Current 
............ 
IF(AV) 
15A 
15A 
15A 
15A 
(TC = +141.250C) 
Peak Forward Repetitive Current 
.•.......•••••. 
IFRM 
30A 
30A 
30A 
30A 
(Square wave 20kHZ) 
1-", 
"'a: 
Nonrepetitive 
Peak Surge Current 
.••.....•.•••. 
IFSM 
200A 
200A 
200A 
200A 
< ••.• 
.... - 
(Surge applied at rated load 
I .... 
~i= 
condition 
halfwave 1phase 60Hz) 
I-u 
Maximum Power Dissipation 
...•...............•• 
PD 
100W 
100W 
100W 
100W 
...•.... 
:la: 
Operating 
and Storage Temperature 
........ 
TSTG, TJ 
-650C to +1750C 
-650C to +1750C 
-650C to +1750C 
-650C to + 1750C 


Electrical 
Characteristics 
(TC = +25°C) 
Unless 
Otherwise 
Specified. 


LIMITS 


TEST 
RUR1570 
RUR1580 
RUR1590 
RUR15100 


SYMBOL 
CONDITION 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 


VF 
IF= 15A 
- 
- 
1.50 
- 
- 
1.50 
- 
- 
1.50 
- 
- 
1.50 
V 
TC=+1500C 


IF=15A 
- 
- 
1.80 
- 
- 
1.80 
- 
- 
1.80 
- 
- 
1.80 
V 
TC=+250C 


IR@ 
VR =700V 
- 
- 
500 
- 
- 
- 
- 
- 
- 
- 
- 
- 
~A 
TC = +150oC 
VR =800V 
- 
- 
- 
- 
- 
500 
- 
- 
- 
- 
- 
- 
~A 


VR =9OOV 
- 
- 
- 
- 
- 
- 
- 
- 
500 
- 
- 
- 
~A 


VR = 1oo0V 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
500 
~A 


IR@ 
VR=7ooV 
- 
- 
100 
- 
- 
- 
- 
- 
- 
- 
- 
- 
~A 
TC=+250C 
VR =8OOV 
- 
- 
- 
- 
- 
100 
- 
- 
- 
- 
- 
- 
~ 


VR =9OOV 
- 
- 
- 
- 
- 
- 
- 
- 
100 
- 
- 
- 
~A 


VR = 1000V 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
100 
~A 


Irr 
IF= 1A 
- 
- 
100 
- 
- 
100 
- 
- 
100 
- 
- 
100 
ns 


IF= 15A 
- 
- 
125 
- 
- 
125 
- 
- 
125 
- 
- 
125 
ns 


la 
IF=15A 
- 
75 
- 
- 
75 
- 
- 
75 
- 
- 
75 
- 
ns 


Ib 
IF= 15A 
- 
40 
- 
- 
40 
- 
- 
40 
- 
- 
40 
- 
ns 


ReJC 
- 
- 
1.5 
- 
- 
1.5 
- 
- 
1.5 
- 
- 
1.5 
°C/W 


Wavl 
- 
- 
20 
- 
- 
20 
- 
- 
20 
- 
- 
20 
mj 


DefinitIons 


VF = Instantaneous 
forward 
voltage 
(pw = 300lJ.s, D = 2%). 
tb = Time from peak lAM to projected 
zero crossing 
of IRM based 
on a 


IR = Instantaneous 
reverse current (pw = 300jJs, 0 = 2%). 
straight line from peak lAM through 
25% of IRM- (See Figure 2) 


Ir, = Reverse 
recovery 
time at dlF/dt 
= 100A/jJs. 
Rf)jc = Thermal 
resistance 
junction 
to case. 


summation 
of ta + tb' 
Wavl = Controlled 
avalanche 
energy 
(See Figures 
7 & 8). 


ta = Time to reach 
peak 
reverse 
current 
at dlF/dt = 100A/j.lS 
pw = pulse width. 
(See Figure 2). 
o = duty cycle. 


+V3 


R1 
)Q§~ 
(t2 
+:JL 
~ 
) 
I- 


~12~ 
~ 
LLOOP 


11 I 
II 
R2 
,....r-"'Y\...; 
+ 
dl~lrr 
.' 
I 
I 
II 
~ (]2r4 
.,tUT 
IF 
d,l - 
I--Ia-l-- 
tb--! 
-' 
~ 
I 
1--1113 
.~ 
° 


~ 
J 
I 
I , '-Q3), =l= C1 
R'~ 


I 
7 
0.251RM 
lr 
03 
"" 
,7 


---IRM 


"" 
4 


'"M'R'~~\I {- 


2 
R3 


'\7 
t, ~ 5 ta(max) 
t2 > trr 


V, amplitude 
controls 
IF 
t3> 
0 
V2 amplitude controls di/dt 
.!:l.. ~ ~(min) 
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FIGURE 1. Irr TEST CIRCUIT 
FIGURE 2. DEFINITIONS OF frr, fa AND fb 
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FIGURE 4. TYPICAL REVERSE CURRENT vs VOLTAGE 
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m HARRIS 
RUR3010 
RUR3015 
RUR3020 
30A Ultrafast 
Diode With 
Soft Recovery 
Characteristic 


• Ultrafast 
with 
Soft 
Recovery 
Characteristic 
(trr < 45ns) 


• +1750C 
Rated 
Junction 
Temperature 


• Reverse 
Voltage 
UP to 200V 


• Avalanche 
Energy 
Rated 


• Switching 
Power 
Supply 


• Power 
Switching 
Circuits 


• General 
Purpose 


RUR3010, 
RUR3015, 
RUR3020 
are 
ultrafast 
diodes 
(trr < 45ns) 
with 
soft 
recovery 
characteristics 
(ta/tb 
Z 
1). 


They 
have 
a low 
forward 
voltage 
drop 
and 
are of planar, 
silicon 
nitride 
passivated, 
ion-implanted, 
epitaxial 
construction. 


These 
devices 
are 
intended 
for 
use 
as energy 
steeringl 
clamping 
diodes 
and 
rectifiers 
in 
a variety 
of 
switching 
power 
supplies 
and 
other 
power 
switching 
applications. 


Their 
low 
stored 
charge 
and 
ultrafast 
recovery 
with 
soft 
recovery 
characteristics 
minimizes 
ringing 
and 
electrical 
noise in many power 
switching 
circuits 
thus reducing 
power 
loss in the switching 
transistor. 


TO-220AC 
TOP VIEW 


CATHODE~ 
(FL.A~GE) 0 
~~::>~ 
ANODE 
~ 
~ CATHODE 


Peak Repetitive Reverse Voltage 
VRRM 
Working Peak Reverse Voltage 
VRWM 
DC Blocking Voltage 
VR 
Average Rectified Forward Current 
IF(AV) 
(Total device forward current at rated 
VR andTC = 1500C) 
Peak Forward Repetitive Current 
IFRM 
(Rated VR, square wave 20kHz) 
Nonrepetitive Peak Surge Current 
IFSM 
(Surge Applied at rated load 
condition halfwave 1phase 60Hz) 
Operating and Storage Temperature 
TSTG' TJ 


RUR3010 


100V 
100V 
100V 
30A 


RUR3015 


150V 
150V 
150V 
30A 


RUR3020 


200V 
200V 
200V 
30A 


Electrical 
Characteristics 
(Tc = +250C) 
Unless Otherwise Specified. 


TEST 
RUR3010 LIMITS 
RUR3015 LIMITS 
RUR3020 LIMITS 


SYMBOL 
CONDITION 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 


VF 
IF=30A 
- 
- 
0.85 
- 
- 
0.85 
- 
- 
0.85 
V 


TC = +150oC 


IF=30A 
- 
- 
1.00 
- 
- 
1.00 
- 
- 
1.00 
V 


TC=+250C 


IR@ 
VR = 100V 
- 
- 
500 
- 
- 
- 
- 
- 
- 
IIA 
Tc = +150oC 
VR = 150V 
- 
- 
- 
- 
- 
500 
- 
- 
- 
~A 


VR =200V 
- 
- 
- 
- 
- 
- 
- 
- 
500 
~A 


IR@ 
VR = 100V 
- 
- 
30 
- 
- 
- 
- 
- 
- 
~A 
TC =+250C 
VR = 150V 
- 
- 
- 
- 
- 
30 
- 
- 
- 
~A 


VR=2ooV 
- 
- 
- 
- 
- 
- 
- 
- 
30 
IIA 


Irr 
IF= lA 
- 
- 
45 
- 
- 
45 
- 
- 
45 
ns 


IF=30A 
- 
- 
50 
- 
- 
50 
- 
- 
50 
ns 


la 
IF=1A 
- 
24 
- 
- 
24 
- 
- 
24 
- 
ns 


IF=30A 
- 
28 
- 
- 
28 
- 
- 
28 
- 
ns 


Ib 
IF= lA 
- 
17 
- 
- 
17 
- 
- 
17 
- 
ns 


IF=30A 
- 
20 
- 
- 
20 
- 
- 
20 
- 
ns 


REljc 
- 
- 
1.2 
- 
- 
1.2 
- 
- 
1.2 
oem 


Wavl 
see Fig. 7&8 
- 
- 
20 
- 
- 
20 
- 
- 
20 
mj 


DefInitions 


VF = Instantaneousforwardvoltage(pw = 300~s,0 = 2%). 
tb = Time from peak IRM 10 projected 
zero crossing 
of IRM based 
on a 


fR = Instantaneous 
reverse 
current 
(pw = 300/l5, 
0 = 2%). 
straightlinefrom peakIRMthrough25%of IRM'(SeeFigure2) 


Ir, = Reverse 
recovery 
time at dlF/dl 
= 100Nj.lS 
(See Figure 
2), 
Rejc = Thermal 
resistance 
junction to case. 


summation of la + tb- 
Wavl '"'"'Controlled 
avalanche 
energy 
(See Figures 
7 & 8). 


la = Time to reach 
peak reverse 
current 
at dlF/dt 
= 100N1l5 
pw = pulse width. 
(SeeFigure2). 
o = duty cycle. 
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FIGURE 1. Irr TEST CIRCUIT 
FIGURE 2. DEFINITIONS OF trr• la AND 'b 


... ." 
"'cc 
<w 
u.. _ 
I 
u.. 


~i= 
•.•u 
•.• 
w 
:::ICC 


100.0 
100 


~ 
I 
/.K 
, 
I 
I 
~ 
Ti= 
l000C T7" 
1/ 
I 
I 
;( 
ffi 10.0 
,:I, 
10 
Tj- 
150°C 
a: 
•... 


pi 
lSOOC 
z 
a: 
w 
:l 
~ 
I 
I 
I 
I 
a: 
() 
a: 
/111 
:> 
1 
100°C 
0 
I 
I 
I 
tl 
Tj 
a: 
w 
< 
1.0 
'" 
~ 
a: 
w 
a: 
> 
0 
w 
0.1 
a: 
... 
I 
I 
!Ti:; 
2sob 
I 
I 
Tj 
250c 


I 
I 
I 
I 
- 
0.1 
0.01 I 
-- 
0.2 
0.4 
0.6 
0.8 
1.0 
1.2 
0 
50 
100 
150 
200 


FORWARD VOLTAGE DROP (V) 
REVERSE 
VOLT AGE 
(V) 
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FIGURE 5. TYPICAL Irr• la. Ib vs FORWARD CURRENT 
FIGURE 6. TYPICAL CURRENT DERATING CURVE w.r.l. 
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ILpeak = lA. L = 4OmH. R < 0.10. 
Wayl = (1/2) 
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mHARRIS 


• Ultrafast with Soft Recovery Characteristic 
(trr < 55ns) 


• +1750C Rated Junction Temperature 


• Reverse Voltage Up to 600V 


• Avalanche Energy Rated 


• Switching Power Supply 


• Power Switching Circuits 


• General Purpose 


RUR3040. 
RUR3050. RUR3060 are 
ultrafast diodes 


(trr < 55ns) with soft recovery characteristics (ta/tb '" 1). 
They have a low forward voltage drop and are of planar, 
silicon 
nitride 
passivated, 
ion-implanted, 
epitaxial 
construction. 


These devices are intended for use as energy steering/ 
clamping diodes and rectifiers in a variety of switching 
power supplies and other power switching applications. 
Their low stored charge and ultrafast recovery with soft 
recovery characteristics minimizes ringing and electrical 
noise in manypower switching circuits thus reducing power 
loss in the switching transistor. 


RUR3040 
RUR3050 
RUR3060 
30A Ultrafast 
Diode With 
Soft Recovery 
Characteristic 


CATHODE~ 
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CATHODE 


Peak Repetitive Reverse Voltage ......•..............•........... 
VRRM 
Working 
Peak Reverse Voltage •••..•••••......•..••••.•...••.•• 
VRWM 
DC Blocking 
Voltage ..............................•............... 
VR 
Average Rectified Forward Current 
.••••••.....••••••••••...•.•.• 
IF(AV) 
(Total device forward current at rated 
VR andTc 
= 150°C) 
Peak Forward Repetitive Current 
........••.•.••.......••........• 
IFRM 
(Rated VR, square wave 20kHz) 
Nonrepetitive 
Peak Surge Current 
...•••.••...........•••.....•..• 
IFSM 
(Surge Applied at rated load 
condition 
halfwave 1phase 60Hz) 
Operating 
and Storage Temperature 
TSTG, TJ 


RUR3040 


400V 
400V 
400V 
30A 


RUR30S0 


SOOV 
SOOV 
SOOV 
30A 


RUR3060 


600V 
600V 
600V 
30A 


•... 
m 
ma: 
~wIii: 
~i= 
....... 
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w 
::I a: 
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ElectrIcal CharacteristIcs 
(Tc '" +250C) Unless Otherwise Specified. 


TEST 
RUR3040 LIMITS 
RUR3050 LIMITS 
RUR3060 LIMITS 


SYMBOL 
CONDITION 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 


VF 
IF=30A 
- 
- 
1.30 
- 
- 
1.30 
- 
- 
1.30 
V 


TC = +150oC 


IF = 30A 
- 
- 
1.50 
- 
- 
1.50 
- 
- 
1.50 
V 


TC = +250C 


IR@ 
VR=400V 
- 
- 
1 
- 
- 
- 
- 
- 
- 
mA 


TC =+150oC 
VR=500V 
- 
- 
- 
- 
- 
1 
- 
- 
- 
mA 


VR=600V 
- 
- 
- 
- 
- 
- 
- 
- 
1 
mA 


IR@ 
VR=400V 
- 
- 
30 
- 
- 
- 
- 
- 
- 
JJA 
TC=+250C 
VR= 500V 
- 
- 
- 
- 
- 
30 
- 
- 
- 
JJA 


VR=600V 
- 
- 
- 
- 
- 
- 
- 
- 
30 
JJA 


I" 
IF=lA 
- 
- 
55 
- 
- 
55 
- 
- 
55 
ns 


IF=30A 
- 
- 
60 
- 
- 
60 
- 
- 
60 
ns 


la 
IF=lA 
- 
20 
- 
- 
20 
- 
- 
20 
- 
ns 


IF=30A 
- 
38 
- 
- 
38 
- 
- 
38 
- 
ns 


Ib 
IF=lA 
- 
15 
- 
- 
15 
- 
- 
15 
- 
ns 


IF=30A 
- 
20 
- 
- 
20 
- 
- 
20 
- 
ns 


RElic 
- 
- 
1.2 
- 
- 
1.2 
- 
- 
1.2 
ocm 


Wavl 
see Fig. 7&8 
- 
- 
20 
- 
- 
20 
- 
- 
20 
mj 


Definitions 


VF= Instantaneousforwardvoltage(pw = 300~s.0 = 2%). 
tb = Time from peak IRM to projected 
zero crossing 
of IRM based 
on a 


IR "'" Instantaneous 
reverse 
current 
(pw = 300~s, 
0 = 2%). 
straightlinefrom peak IRMthrough25%of IRM'(SeeFigure2) 


tf, = Reverse 
recovery 
time at dlF/dt 
= , OOAlJ1S 
(See Figure 
2), 
RSjc = Thermal 
resistance 
junction 
to case. 


summation 
of ta + lb' 
Wavl = Controlled 
avalanche 
energy 
(See Figures 
7 & 8). 


ta = Time to reach 
peak reverse 
current 
at dlF/dt 
= 100NIlS 
pw = pulse width. 


(SeeFigure2). 
o = duty cycle. 
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FIGURE 1. trr TEST CIRCUIT 
FIGURE 2. DEFINITIONS 
OF Irr• ta AND Ib 
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RUR3070/3080, 
RUR3090/30100 


30A Ultrafast 
Diode 


With Soft Recovery 
Characteristic 


El)HARRIS 


• Ultrafast with Soft Recovery Characteristic 
(trr < 110ns) 


• +1750C Rated Junction Temperature 


• Reverse Voltage Up to 1000V 


• Avalanche Energy Rated 


• Planar Construction 


CATHODE~ 
( 
FLA7GE) 0 
.••• 
=...:» ANODE 
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Applications 


• Switching Power Supply 


• Power Switching Circuits 


• General Purpose 


Description 


RUR3070, RUR3080, RUR3090, RUR30100 are ultrafast 
diodes with soft recovery characteristics (trr < 110ns). 
They 
have 
a 
low 
forward 
voltage 
drop 
and 
are 
silicon 
nitride 
passivated, 
ion-implanted, 
epitaxial 
construction. 


These devices are intended for use as flywheel/clamping 
diodes and rectifiers in a variety of switching power 
supplies and other power switching applications. Their low 
stored charge and ultrafast recovery with soft recovery 
characteristics minimizes ringing and electrical noise in 
many power switching circuits thus reducing power loss in 
the switching transistor. 


All are supplied in TO-220AC packages. 


Peak Repetitive Reverse Voltage ..•........•... 
VRRM 
Working 
Peak Reverse Voltage ......•......•• 
VRWM 
DC Blocking Voltage ..••....••.................. 
VR 
Average Rectified 
Forward Current 
.....••..... 
IF(AV) 
(TC = +1210C) 
Peak Forward Repetitive Current 
...•••••......• 
IFRM 
(Square wave 20kHZ) 
Nonrepetitive 
Peak Surge Current 
........•••.•. 
IFSM 
(Surge applied at rated load 
condition 
halfwave 1phase 60Hz) 
Maximum Power Dissipation 
Po 
Operating 
and Storage Temperature 
TSTG, TJ 


RUR3070 
RUR3080 
RUR3090 
RUR30100 
700V 
BOOV 
900V 
1000V 
700V 
BOOV 
900V 
1000V 
700V 
BOOV 
900V 
1000V 
30A 
30A 
30A 
30A 


60A 
60A 
60A 
60A 


300A 
300A 
300A 
300A 


125W 
125W 
125W 
125W 
-650C to +1750C 
-650C to + 1750C 
-650C to + 1750C 
-650C to + 1750C 


Electrical 
Characteristics 
(TC = +250C) Unless Otherwise Specified. 


LIMITS 


TEST 
RUR3070 
RUR3080 
RUR3090 
RUR30100 


SYMBOL 
CONDITION 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 


VF 
IF=30A 
- 
- 
1.60 
- 
- 
1.60 
- 
- 
1.60 
- 
- 
1.60 
V 
TC = +150oC 


IF=30A 
- 
- 
1.80 
- 
- 
1.80 
- 
- 
1.80 
- 
- 
1.8 
V 
TC = +250C 


IR@ 
VR=7ooV 
- 
- 
1 
- 
- 
- 
- 
- 
- 
- 
- 
- 
mA 
TC = +150oC 
VR =8OOV 
- 
- 
- 
- 
- 
1 
- 
- 
- 
- 
- 
- 
mA 


VR =900V 
- 
- 
- 
- 
- 
- 
- 
- 
1 
- 
- 
- 
mA 


VR = 1000V 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
1 
mA 


IR@ 
VR=7ooV 
- 
- 
100 
- 
- 
- 
- 
- 
- 
- 
- 
- 
IJA 
TC = +250C 
VR=8ooV 
- 
- 
- 
- 
- 
100 
- 
- 
- 
- 
- 
- 
~A 


VR=9OOV 
- 
- 
- 
- 
- 
- 
- 
- 
100 
- 
- 
- 
IJA 


VR= l000V 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
100 
~A 


Irr 
IF=1A 
- 
- 
110 
- 
- 
110 
- 
- 
110 
- 
- 
110 
ns 


IF=30A 
- 
- 
150 
- 
- 
150 
- 
- 
150 
- 
- 
150 
ns 


la 
IF=30A 
- 
90 
- 
- 
90 
- 
- 
90 
- 
- 
90 
- 
ns 


Ib 
IF=30A 
- 
45 
- 
- 
45 
- 
- 
45 
- 
- 
45 
- 
ns 


R0JC 
- 
- 
1.2 
- 
- 
1.2 
- 
- 
1.2 
- 
- 
1.2 
°C/W 


Wavl 
- 
- 
20 
- 
- 
20 
- 
- 
20 
- 
- 
20 
mj 


Definitions 


VF = Instantaneous 
forward voltage (pw = 300""5, 0 - 
2%). 
tb - 
Time from peak IRM to projected 
zero crossing of IRM based on a 


IR = Instantaneous 
reverse current (pw = 300J.ls, 0 = 2%). 
straightline'rom peakIRMthrough25%of IRM.(SeeFigure2) 


Ir, -= Reverse recovery time at dlF/dt = 100A/J.lS, 
Rejc = Thermal 
resistance junction to case. 


summation 
of fa + Ib- 
Wavl • 
Controlled 
avalanche energy (See Figures 7 & 8). 


la = Time to reach peak reverse current at dlF/dt = 100AlJ.ls 
pw - 
pulse width. 


(SeeFigure2). 
o = duty cycle. 
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FIGURE 1. trr TEST CIRCUIT 
FIGURE 2. DEFINITIONS OF Irr• ta AND tb 
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FIGURE 4. TYPICAL REVERSE CURRENT YSVOLTAGE 
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;I) HARRIS 
RURD810 
RURD815 
RURD820 
Dual 8A High-Speed, High-Efficiency 
Epitaxial Silicon Rectifiers 


• Ultrafast Recovery Time 
(trr < 35ns) 


• Low Forward Voltage 


• Low Thermal Resistance 


• Planar Design 


• Wire-Bonded 
Construction 


• General Purpose 


• Power Switching 
Circuits to 100kHz 


• Full-Wave Rectification 


The RURD810, RURD815, RURD820 are low forward 
voltage drop ultrafast rectifiers (trr < 35ns). They use a 
glass passivated ion-implanted, epitaxial construction. 


These devices are intended for use as output rectifiers and 
flywheel diodies in a variety of high frequency pulse width 
modulated and sWitching regulators. Their low stored 
charge 
and 
attendant fast 
reverse recovery behavior 
minimize electrical noise generation and in many circuits 
markedly reduce the turn-on dissipation of the associated 
power switching transistors. 
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Kn 


Peak Repetitive Reverse Voltage ..••.•.......•................... 
VRRM 
Average Rectified Forward Current 
TA = 25°C (No Heat Sink) 
...............................••••• 
'F(AV) 
TA = 25°C (With Heat Sink)' 
••....•••••...•••••••.......••.••• 
'F(AV) 
TA = 125°C 
.................................•••.......••••• 
IF(AV) 
Nonrepetitive 
Peak Surge Current 
..•••......•....•..........•.•.. 
'FSM 
(8.3ms. Y. cycle) 


Operating 
and Storage Temperature 
•••....•••....•...•....••. 
TSTG. TJ 
Maximum Lead Temperature During Solder ......•...•................ 
TL 
(At distance> 
Va"(3.17mm) from case or 10s max) 


RURD810 
RURD815 
RURD820 


100V 
150V 
200V 


3A 
3A 
3A 
8A 
8A 
8A 
8A 
8A 
8A 
100A 
100A 
100A 


-55OC to +1750C 
-550C to +1750C 
-55OC to +1750C 
260°C 
26QOC 
26QOC 


LIMITS 


TEST 
RURD810 
RURD815 
RURD820 


SYMBOL 
CONDITION 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 


VF 
IF=8A 
- 
- 
0.83 
- 
- 
0.83 
- 
- 
0.85 
V 


TC = +150oC 


IF=8A 
- 
- 
0.975 
- 
- 
0.975 
- 
- 
1 
V 


TC=+250C 


IR@ 
VR = l00V 
- 
- 
250 
- 
- 
- 
- 
- 
- 
flA 
TC= +150oC 
VR= 150V 
- 
- 
- 
- 
- 
250 
- 
- 
- 
~A 


VR=200V 
- 
- 
- 
- 
- 
- 
- 
- 
250 
flA 


IR@ 
VR= l00V 
- 
- 
5 
- 
- 
- 
- 
- 
- 
flA 
TC= +250C 
VR=l50V 
- 
- 
- 
- 
- 
5 
- 
- 
- 
flA 


VR=200V 
- 
- 
- 
- 
- 
- 
- 
- 
5 
flA 


I" 
IF=8A* 
- 
- 
35 
- 
- 
35 
- 
- 
35 
ns 


REljc 
- 
- 
2.25 
- 
- 
2.25 
- 
- 
2.25 
°CIW 


RElja 
- 
- 
60 
- 
- 
60 
- 
- 
60 
°CIW 


CJ 
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- 
40 
- 
- 
40 
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- 
40 
- 
pF 
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FIGURE 2. THERMAL IMPEDANCE vs PULSE WIDTH 
(PER JUNCTION) 
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(II HARRIS 
MUR1610CT 
MUR1615CT 
MUR1620CT 
RUR1620CT 


Dual 8A High-Speed, 
High-Efficiency 


Epitaxial Silicon Rectifiers 


RUR1610CT 
RUR1615CT 


• Ultrafast Recovery Time 
(trr < 35ns) 


• Low Forward Voltage 


• Low Thermal Resistance 


• Hard Glass Passivation 


• Wire-Bonded 
Construction 


TO-220AB 
TOP VIEW 


CATHODE~:=~~: 
ANODE 
1 
(FLA7GE) 0 
CATHODE 
'-+ 
_ 
-ANODE 
2 


• General Purpose 


• Power Switching 
Circuits to 100kHz 


• Full-Wave Rectification 


Description 


The 
MUR1610CT. 
MUR1615CT, 
MUR1620CT, 


RUR1610CT, RUR1615CT, RUR1620CT are low forward 
voltage drop ultrafast rectifiers (trr < 35ns). They use a 
glass passivated ion-implanted, epitaxial construction. 


Kn 
These devices are intended for use as output rectifiers and 
flywheel diodies in a variety of high frequency pulse width 
modulated and switching 
regulators. Their low stored 
charge 
and 
attendant fast 
reverse recovery behavior 
minimize electrical noise generation and in many circuits 
markedly reduce the turn-on dissipation of the associated 
power switching transistors. 


, 


MUR1610CT 
MUR1615CT 
MUR1620CT 
RUR1610CT 
RUR1615CT 
RUR1620CT 


100V 
150V 
200V 
100V 
150V 
200V 
100V 
150V 
200V 
8A 
8A 
8A 
1-", 


16A 
16A 
16A 
"'a: 
CW 


16A 
16A 
16A 
... - 
I 
••• 
~;::: 


100A 
100A 
100A 
1-<'> 
...• 
w 
:la: 


-650C to +1750C 
-650C to + 1750C 
-65OC to + 1750C 
260°C 
260°C 
26QOC 


Peak Repetitive Reverse Voltage •.....•..•...........•.......••.. 
VRRM 
Working 
Peak Reverse Voltage .........••........•.....•..••.•• 
VRWM 
DC Blocking Voltage ...........................••.....•.......•••• 
VR 
Average Rectified 
Forward Current (Per Leg) ..........••••.......• 
'F(AV) 
(Total device, (Rated VR), TC = 1500C .............................•••. 


Peak Forward Repetitive Current (Per Diode Leg) .......•........... 
IFRM 
(Rated VR, Square Wave, 20kHZ), TC = 150°C 
Nonrepetitive 
Peak Surge Current 
.........................•...... 
IFSM 
(Surge applied at rated load 
condition 
halfwave, single phase, 60Hz) 
Operating 
and Storage Temperature 
TSTG, TJ 
Maximum Lead Temperature During Soldering 
.............••......... 
TL 
(At distance> 
'Is" (3.17mm) from case for 1Os maxI 


UMITS 


TEST 
MUR1610CT, RUR1610CT 
MUR1615CT, RUR1615CT 
MUR1620CT,RUR1620CT 


SYMBOL 
CONDITION 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 


VF 
IF=8A 
- 
- 
0.83 
- 
- 
0.83 
- 
- 
0.85 
V 


TC=+1500C 


IF=8A 
- 
- 
0.975 
- 
- 
0.975 
- 
- 
1 
V 


TC=+250C 


IR@ 
VR = 100V 
- 
- 
250 
- 
- 
- 
- 
- 
- 
IlA 
TC=+1500C 
VR = 150V 
- 
- 
- 
- 
- 
250 
- 
- 
- 
IlA 


VR=200V 
- 
- 
- 
- 
- 
- 
- 
- 
250 
JlA 


IR@ 
VR=100V 
- 
- 
5 
- 
- 
- 
- 
- 
- 
IlA 
TC = +250C 
VR = 150V 
- 
- 
- 
- 
- 
5 
- 
- 
- 
IlA 


VR =200V 
- 
- 
- 
- 
- 
- 
- 
- 
5 
IlA 


Irr 
IF=1A* 
- 
- 
35 
- 
- 
35 
- 
- 
35 
ns 


IF = 0.5** 
- 
- 
25 
- 
- 
25 
- 
- 
25 
ns 


Rejc 
- 
- 
3 
- 
- 
3 
- 
- 
3 
°C/W 


• dlF/dl 
~ 50Allls 
•• IR ~1.0A, 
'REC = O.25A. 


MUR1610CT, MUR1615CT, RUR1610CT, RUR1615CT 
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vF, INSTANTANEOUS VOLTAGE {VOLTSI 


FIGURE 1. TYPICAL FORWARD VOLTAGE (PER LEG) 


'The curves shown are typical for the highest voltage 
device in the voltage grouping. Typical reverse current 
for lower voltage selections can be estimated from 
these same curves if VR is sufficiently below rated VR. 
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VR, REVERSEVOLTAGE (VOLTSI 


FIGURE 2. TYPICAL REVERSE CURRENT (PER LEG') 
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FIGURE 3. CURRENT DERATING CASE (PER LEG) 
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FIGURE 4. CURRENT DERATING, AMBIENT (PER LEG) 
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FIGURE 5. POWER DISSIPATION (PER LEG) 
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FIGURE 6. TYPICAL FORWARD VOLTAGE (PER LEG) 


'The 
curves 
shown 
are typical lor the highest 
voltage 
device in the voltage 
grouping. 
Typical reverse 
current 


for lower 
voltage 
selections 
can 
be estimated 
from 
these curves 
il VR is sufficiently 
below rated VR· , 
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FIGURE 7. TYPICAL REVERSE CURRENT (PER LEG)' 
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FIGURE 8. CURRENT DERATING, CASE (PER LEG) 
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RURD1510 
RURD1515 
MUR3020PT 
RURD1520 
15A Ultrafast Dual Diode 


With Soft Recovery Characteristic 


mHARRIS 
MUR3010PT 
MUR3010PT 


• Ultrafast with Soft Recovery Characteristic 
(trr < 30ns) 


: ANODE 
1 


CATHODE 


ANODE 
2 


Kn 


Description 


MUR3010PT, MUR3010PT. MUR3020PT and RURD1510, 
RURD1515, 
RURD1520 
are 
ultrafast 
dual 
diodes 
(trr < 30ns) with soft recovery characteristics (ta/tb '" 1). 
They have a low forward voltage drop and are of planar, 
silicon 
nitride 
passivated. 
ion-implanted, 
epitaxial 
construction. 


These devices are intended for use as energy steering/ 
clamping diodes and rectifiers in a variety of switching 
power supplies and other power switching applications. 
Their low stored charge and ultrafast recovery with soft 
recovery characteristics minimizes ringing and electrical 
noise in many power switching circuits thus reducing power 
loss in the switching transistor. 


Peak Repetitive Reverse Voltage .•...•.............•.....•..•.... 
VRRM 
Working 
Peak Reverse Voltage .•..•....•......•.....•.•....•... 
VRWM 
DC Blocking 
Voltage ..................•......•..•..•.••..••• 
0 
•• 
0 
0 
• VR 
Average Rectified Forward Current 
.... 
0 
0 
•••••• 
0 
•• 
0 
•••• 
0 
• 
0 
•• 
0 
•••• 
IF(AV) 


(Total device forward current at rated 
VR andTC = 1500C) 
Peak Forward Repetitive Current 
.. 
0 
0 
•• 
0 
0 
•• 
0 
••• 
0 
•• 
0 
•• 
0 
•••••••••••• 
IFRM 
(Rated VR, square wave 20kHZ) 
Nonrepetitive 
Peak Surge Current 
... 
0 
•••••••••• 
0 
• 
0 
• 
0 
•• 
0 
•• 
0 
•••••• 
olFSM 
(Surge applied at rated load 
condition 
halfwave 1phase 60Hz) 


Operating 
and Storage Temperature 
0 
0 
0 
••• 
0 
0 
0 
••••••••••••••••• 
TSTG. TJ 
-55OC to +1750C 
-55OC to +1750C 
-55OC to +1750C 


MUR3010PT 
MUR3010PT 
MUR3020PT 
RURD1510 
RURD1515 
RURD1520 


lOoV 
150V 
200V 
o-u> 
looV 
150V 
200V 
U>ce 


looV 
150V 
200V 
<w 
.... - 
I 
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15A 
15A 
15A 
< - 
cel- 
0-'" 
•..• 
w 
::Ice 


30A 
30A 
30A 


200A 
200A 
200A 


Electrical 
Characteristics 
(TC = +250C) Unless Otherwise Specified. 


LIMITS 


TEST 
MUR3010PT, RURD1510 
MUR3015PT,RURD1515 
MUR3020PT, RURD1520 


SYMBOL 
CONDITION 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 


VF 
IF=15A 
- 
- 
0.85 
- 
- 
0.85 
- 
- 
0.85 
V 


TC = +150oC 


IF=15A 
- 
- 
1.05 
- 
- 
1.05 
- 
- 
1.05 
V 


TC= +250C 


IR@ 
VR = 100V 
- 
- 
SOO 
- 
- 
- 
- 
- 
- 
I1A 
TC=+1500C 
VR= 1SOV 
- 
- 
- 
- 
- 
500 
- 
- 
- 
I1A 


VR=200V 
- 
- 
- 
- 
- 
- 
- 
- 
500 
~A 


IR@ 
VR= 100V 
- 
- 
10 
- 
- 
- 
- 
- 
- 
I1A 
TC= +250C 
VR=lSOV 
- 
- 
- 
- 
- 
10 
- 
- 
- 
I1A 


VR= 200V 
- 
- 
- 
- 
- 
- 
- 
- 
10 
I1A 


Irr 
IF= 1A 
- 
- 
30 
- 
- 
30 
- 
- 
30 
ns 


IF= 15A 
- 
- 
35 
- 
- 
35 
- 
- 
35 
ns 


la 
IF=lA 
- 
18 
- 
- 
18 
- 
- 
18 
- 
ns 


IF= 15A 
- 
20 
- 
- 
20 
- 
- 
20 
- 
ns 


Ib 
IF= 1A 
- 
9 
- 
- 
9 
- 
- 
9 
- 
ns 


IF= 15A 
- 
10 
- 
- 
10 
- 
- 
10 
- 
ns 


Rejc 
- 
- 
1.5 
- 
- 
1.5 
- 
- 
1.5 
°CIW 


Wavl 
see Fig. 7&8 
- 
- 
20 
- 
- 
20 
- 
- 
20 
mj 


Dellnillons 


VF = Instantaneous 
lorward 
voltage (pw = 300~s. D = 2%). 
tb = Time from peak IRM to projected zero crossing of IRM based on a 


IR = Instantaneous 
reverse current (pw 
&I: 300).15, 0 "" 2%). 
straight line Irom peak IRM through 
25% oIIRM' 
(See Figure 2) 


If''' = Reverse recovery time at dlF/dt = 100AlJ,lS 
(See Figure 2), 
Rejc = Thermal resistance junction to case. 


summation 
of fa + lb' 
Wavl = Controlled 
avalanche energy (See Figures 7 & 8). 


la = Time to reach peak reverse current at dlF/dt = 100AlJ.lS 
pw = pulse width. 
(See Figure 2). 
D = duty cycle. 
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FIGURE 1. 'rr 
TEST CIRCUIT 
FIGURE 2. DEFINITIONS OF Irr, 
la AND Ib 
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FIGURE 3. FORWARD VOLTAGE vs FORWARD CURRENT 
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m HARRIS 
MUR3040PT 
MUR3050PT 
RURD1540 
RURD1550 


MUR3060PT 
RURD1560 


15A Ultrafast Dual Diode 


With Soft Recovery Characteristic 


• Ultrafast with Soft Recovery Characteristic 
(trr < 55ns) 


CAT~ 


ANODE 1 


: CATHODE 


ANODE 2 


Description 


MUR3040PT, MUR3050PT, MUR3060PT and RURD1540. 
RURD1550, 
RURD1560 
are 
ultrafast 
dual 
diodes 


(trr < 55ns) with soft recovery characteristics (ta/tb "" 1). 
They have a low forward voltage drop and are of planar, 
silicon 
nitride 
passivated, 
ion-implanted, 
epitaxial 
construction. 


Kn 


These devices are intended for use as energy steering/ 
clamping diodes and rectifiers in a variety of switching 
power supplies and other power switching applications. 
Their low stored charge and ultrafast recovery with soft 
recovery characteristics minimizes ringing and electrical 
noise in many power switching circuits thus reducing power 
loss in the sWitching transistor. 


Peak Repetitive Reverse Voltage ...............•••••.....•..••..• 
VRRM 
Working 
Peak Reverse Voltage .........••.....•••....••••••••.. 
VRWM 
DC Blocking 
Voltage ••....••....••...••••....•••••.....•••••••...• 
VR 
Average Rectified Forward Current 
•...••••••..•.•••••.•.••••••.. 
IFlAV) 
(Total device forward current at rated 
VR andTc = 1500C) 
Peak Forward Repetitive Current 
............•.....•..•.......••.. 
IFRM 
(Rated VR, square wave 20kHz) 
Nonrepetitive 
Peak Surge Current 
..••••••...••••..••••••••...•••• 
IFSM 
(Surge applied at rated load 
condition 
halfwave 1phase 60Hz) 
Operating 
and Storage Temperature 
••••...••••.....••••••.... 
TSTG, TJ 


MUR3040PT 
RURD1540 


400V 
400V 
400V 
15A 


MUR3050PT 
RURD1550 


500V 
500V 
500V 
15A 


MUR3060PT 
RURD1560 


600V 
600V 
600V 
15A 


Electrical 
Characteristics 
(TC = +250C) Unless Otherwise Specified. 


LIMITS 


TEST 
MUR3040PT,RURD1540 
MUR3050PT, RURD1550 
MUR3060PT, RURD1560 


SYMBOL 
CONDITION 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 


VF 
IF= 15A 
- 
- 
1.12 
- 
- 
1.20 
- 
- 
1.20 
V 
Te=+1500e 


IF= 15A 
- 
- 
1.25 
- 
- 
1.SO 
- 
- 
1.50 
V 
Te=+250e 


IR@ 
VR=400V 
- 
- 
SOO 
- 
- 
- 
- 
- 
- 
~A 
Te= +150oe 
VR= 500V 
- 
- 
- 
- 
- 
500 
- 
- 
- 
~A 


VR=600V 
- 
- 
- 
- 
- 
- 
- 
- 
500 
~A 


IR@ 
VR=400V 
- 
- 
10 
- 
- 
- 
- 
- 
- 
~A 
Tc= +250e 
VR= 500V 
- 
- 
- 
- 
- 
10 
- 
- 
- 
~A 


VR=600V 
- 
- 
- 
- 
- 
- 
- 
- 
10 
~A 


Irr 
IF= 1A 
- 
- 
55 
- 
- 
55 
- 
- 
55 
ns 


IF=15A 
- 
- 
60 
- 
- 
60 
- 
- 
60 
ns 


la 
IF= 1A 
- 
20 
- 
- 
20 
- 
- 
20 
- 
ns 


IF= 15A 
- 
30 
- 
- 
30 
- 
- 
30 
- 
ns 


Ib 
IF= 1A 
- 
15 
- 
- 
15 
- 
- 
15 
- 
ns 


IF= 15A 
- 
17 
- 
- 
17 
- 
- 
20 
- 
ns 


Reic 
- 
- 
1.5 
- 
- 
1.5 
- 
- 
1.5 
°eIW 


Wavl 
see Fig.7&8 
- 
- 
20 
- 
- 
20 
- 
- 
20 
mj 


Definitions 


VF = Instantaneous 
forward 
voltage 
(pw = 300~s, 
0 = 2%). 
tb = Time from 
peak IRM to projected 
zero crossing 
of IRM based 
on a 


IR = Instantaneous 
reverse 
current 
(pw = 300jJs. 
0 = 2%). 
straight 
line from 
peak IRM through 
25% of IRM. (See Figure 
2) 


Ir, = Reverse 
recovery 
time at dlF/dt = 100AI/ls 
(See Figure 
2), 
Rejc = Thermal 
resistance 
junction 
to case. 


summation 
of ta + lb' 
Wavl = Controlled 
avalanche 
energy 
(See Figures 
7 & 8). 


la = Time to reach 
peak reverse 
current 
at d IF/dt = 100A/jJs 
pw = pulse width. 
(See Figure 
2). 
o = duty cycle. 
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V 1 amplitude 
controls 
iF 
t3 > 0 


V2 amplitude 
controls 
di/dt 
..!:!.. ~ 
~(min) 
l, = self inductance 
of R4 
R4 
10 


FIGURE 1. trr TEST CIRCUIT 
FIGURE 2. DEFINITIONS OF Irr, 
la AND Ib 
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RURD1610 
RURD1615 
RURD1620 
Dual 16A High-Speed, 
High-Efficiency 
Epitaxial Silicon Rectifiers 


lm HARRIS 


• Ultrafast 
Recovery 
Time 
(trr < 35ns) 


• Low 
Forward 
Voltage 


• Low 
Thermal 
Resistance 


• Planar 
Design 


• Wire-Bonded 
Construction 


Applications 


• General 
Purpose 


• Power 
Switching 
Circuits 
to 
100kHz 


• Full-Wave 
Rectification 


The 
RURD1610, 
RURD1615, 
RURD1620 
are low 
forward 
voltage 
drop 
ultrafast 
rectifiers 
(trr < 35ns). 
They 
use 
an 
ion-implanted 
planar 
epitaxial 
construction. 


These 
devices 
are intended 
for use as output 
rectifiers 
and 
flywheel 
diodies 
in a variety 
of high 
frequency 
pulse 
width 
modulated 
and 
switching 
regulators. 
Their 
low 
stored 
charge 
and 
attendant 
fast 
reverse 
recovery 
behavior 
minimize 
electrical 
noise 
generation 
and 
in many 
circuits 
markedly 
reduce 
the turn-on 
dissipation 
of the 
associated 
power 
switching 
transistors. 


All are supplied 
in TO-204AA 
hermetic 
packages. 


CATHODE 
ANO~LANGE)o 
ANODE 
2 


Kn 


Peak Repetitive Reverse Voltage 
VRRM 
Average Rectified Forward Current 


TA = 25°C (No Heat Sink) 
IFIAV) 
TA = 25°C (With Heat Sink)" 
IFIAV) 
TC = 125°C 
IF(AV) 
Nonrepetitive 
Peak Surge Current 
IFSM 
(8.3ms. V, cycle) 
Thermal Resistance JuncUon-to-Case 
R9JC 
Thermal Resistance JuncUon-to-Case 
(Total) 
R9JC 
Thermal Resistance JuncUon-to-Ambient 
R9JA 
Operating 
and Storage Temperature 
TSTG, TJ 
Maximum Lead Temperature During Solder 
TL 
(At distance> 
Ys" (3.17mm) from case or 10s max) 


RURD1610 
RURD1615 
RURD1620 


100V 
150V 
200V 


6A 
6A 
6A 
16A 
16A 
16A 
16A 
16A 
16A 
275A 
275A 
275A 


1.50CIW 
1.50CIW 
1.50CIW 
1.20CIW 
1.20CIW 
1.20CIW 
300CIW 
300CIW 
300CIW 
-550C to + 1500C 
-550C to + 1500C 
-55OC to+150OC 
260°C 
26QOC 
26QOC 


Electrical 
Characteristics 
(TC = +250C) Unless Otherwise Specified. 


LIMITS 


RURD1610 
RURD1615 
RURD1620 
TEST 
SYMBOL 
CONDITION 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 


VF 
IF=16A 
- 
- 
0.83 
- 
- 
0.83 
- 
- 
0.85 
V 


TC=+1500C 


IF= 16A 
- 
- 
0.975 
- 
- 
0.975 
- 
- 
1 
V 


TC=+250C 


IR@ 
VR = 100V 
- 
- 
500 
- 
- 
500 
- 
- 
500 
f1A 
TC = +1500C 
VR = 150V 
- 
- 
- 
- 
- 
1.5 
- 
- 
- 
f1A 


VR=200V 
- 
- 
- 
- 
- 
- 
- 
- 
1.5 
f1A 


IR@ 
VR= 100V 
- 
- 
15 
- 
- 
- 
- 
- 
- 
I'A 
TC= +250C 
VR = 150V 
- 
- 
- 
- 
- 
15 
- 
- 
- 
I'A 


VR=200V 
- 
- 
- 
- 
- 
- 
- 
- 
15 
f1A 


trr 
IF=4A* 
- 
- 
35 
- 
- 
35 
- 
- 
35 
ns 


RGic 
- 
- 
1.5 
- 
- 
1.5 
- 
- 
1.5 
°C/W 


RGja 
- 
- 
30 
- 
- 
30 
- 
- 
30 
°C/W 


CJ 
VR= 10V 
- 
80 
- 
- 
80 
- 
- 
80 
- 
pF 
IF=OA 


~dIF/dt - 40NI's, IRM {reel < 1A, IRR = 0.25A. 
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RURD3010 
RURD3015 
RURD3020 
30A Ultrafast 
Dual Diode 
With Soft Recovery 
Characteristic 


mHARRIS 


• Ultrafast 
with 
Soft 
Recovery 
Characteristic 
(trr < 45ns) 


• +1750C 
Rated 
Junction 
Temperature 


• Reverse 
Voltage 
Up to 200V 


• Avalanche 
Energy 
Rated 


: ANODE 1 
CATHODE 


ANODE 2 


• Switching 
Power 
Supply 


• Power 
Switching 
Circuits 


• General 
Purpose 


Kn 


RURD3010, 
RURD3015, 
RURD3020 
are 
ultrafast 
dual 
diodes 
(trr < 45ns) 
with 
soft 
recovery 
characteristics 
(ta/q, 
'" 
1). They 
have a low forward 
voltage 
drop 
and are 
of planar, 
silicon 
nitride 
passivated, 
ion-implanted, 
epitaxial 
construction. 


These 
devices 
are 
intended 
for 
use 
as energy 
steering/ 
clamping 
diodes 
and 
rectifiers 
in 
a variety 
of 
switching 
power 
supplies 
and 
other 
power 
switching 
applications. 
Their 
low 
stored 
charge 
and 
ultrafast 
recovery 
with 
soft 
recovery 
characteristics 
minimizes 
ringing 
and 
electrical 
noise in many power 
switching 
circuits 
thus reducing 
power 
loss in the switching 
transistor. 


Peak Repetitive Reverse Voltage 
VRRM 
Working Peak Reverse Voltage 
VRWM 
DC Blocking Voltage 
VR 
Average Rectified Forward Current 
IF(AV) 
(Total device forward current at rated 
VR andTc = 1500C) 
Peak Forward Repetitive Current 
IFRM 
(Rated YR. square wave 20kHz) 
Nonrepetitive Peak Surge Current 
IFSM 


(Surge Applied at rated load 
condition halfwave 1phase 60Hz) 
Operating and Storage Temperature 
TSTG,TJ 


RURD3010 


100V 
100V 
100V 
30A 


RURD3015 


150V 
150V 
150V 
30A 


RURD3040 


200V 
200V 
200V 
30A 


TEST 
RURD3010 LIMITS 
RURD3015 LIMITS 
RURD3020 LIMITS 


SYMBOL 
CONDITION 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 


VF 
IF=30A 
0.85 
0.85 
0.85 
V 


Tc=+lS00C 


IF=30A 
1.00 
1.00 
1.00 
V 


TC = +250C 


IR@ 
VR = 100V 
SOD 
flA 
Tc=+lS00C 
VR= 1SOV 
500 
flA 


VR =2OOV 
500 
flA 


IR@ 
VR = 100V 
30 
~A 
Tc= +250C 
VR = lSOV 
30 
~A 


VR=2ooV 
30 
~A 


I" 
IF=lA 
45 
45 
45 
ns 


IF=30A 
50 
50 
50 
ns 


la 
IF=lA 
24 
24 
24 
ns 


IF=30A 
28 
28 
28 
ns 


Ib 
IF= lA 
17 
17 
17 
ns 


IF=30A 
20 
20 
20 
ns 


REljc 
1.2 
1.2 
1.2 
°CIW 


Wavl 
see Fig. 7&8 
20 
20 
20 
mj 


Definitions 


VF = Instantaneous 
forward vortage (pw = 300~s,0 = 2%). 
tb •••Time from peak IRM to projected zero crossing of IRM based on a 


IR = Instantaneous 
reverse current (pw = 300J.ls, 0 = 2%). 
straight 
line from peak IRMthrough 25%of IRM'(See Figure 2) 


I" = Reverse recovery time at dlF/dl = 100Nps 
(See Figure 2), 
Rejc = Thermal resistance junction to case. 


summation 
of ta + Ib- 
Wavl = Controlled 
avalanche energy (See Figures 7 & 8). 


la = Time to reach peak reverse current at dlF/dt = 1COA/J.lS 
pw = pulse width. 


(See Figure 2). 
o = duty cycle. 


V 1 amplitude 
controls IF 
V2 amplitude 
controls di/dt 
L1 = self inductance 
of R4 


t, ~ 5 ta (max) 
t2 >trr 
t3> 0 
~ 
~ 
ta(min) 
R4 
'0 
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FIGURE 3. FORWARD VOLTAGE vs FORWARD CURRENT 
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CHARACTERISTIC 
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FIGURE 5. TYPICAL Irr• la. Ib vs FORWARD CURRENT 
FIGURE 6. TYPICAL CURRENT DERATING CURVE w.r.l. 
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FIGURE 7. AVALANCHE ENERGY TEST CIRCUIT 
FIGURE 8. CURRENT VOLTAGE WAVEFORM 
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RURD3040 
RURD3050 
RURD3060 
30A Ultrafast Dual Diode 
With Soft Recovery Characteristic 


fI) HARRIS 


• Ultrafast with Soft Recovery Characteristic 
(trr < 55ns) 


TO-218AC 
TOP VIEW 


CAT~ 
ANODE 1 


: CATHODE 


ANODE 2 


RURD3040, RURD3050, RURD3060 are ultrafast dual 
diodes 
(trr < 55ns) 
with 
soft 
recovery characteristics 


(ta/ltJ "" 1). They have a low forward voltage drop and are 
of planar, silicon nitride passivated,ion-implanted, epitaxial 
construction. 


Kn 


These devices are intended for use as energy steering/ 
clamping diodes and rectifiers in a variety of switching 
power supplies and other power switching applications. 
Their low stored charge and ultrafast recovery with soft 
recovery characteristics minimizes ringing and electrical 
noise in many power switching circuits thus reducing power 
loss in the switching transistor. 


Peak Repe@veReverseVoltage 
VRRM 
Working 
Peak Reverse Voltage ...............•.......•......... 
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CONDITION 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 


VF 
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see Fig. 7&8 
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VF =: Instantaneous 
forward 
voltage 
(pw = 300)18, 0 = 2%). 
tb - Time from peak IRM to projected 
zero crossing 
of IRM based on a 


fR :: Instantaneous 
reverse 
current 
(pw = 300J.1s, 0 = 2%). 
straight line from peak IRM through 25% of lAM. (See Figure 2) 


trr "" Reverse recovery 
time at dlF/dt 
•• 100AlJ.ls 
(See Figure 2), 
RSic = Thermal 
resistance 
junction 
to case. 


summation 
of ta + lb' 
Wayl = Controlled 
avalanche 
energy 
(See Figures 
7 & 8). 


ta = Time to reach 
peak reverse 
current 
at dlF/dt 
= 100AlJ.lS 
pw = pulse width. 


(See Figure 2). 
o = duty cycle. 
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Power MOSFETs (Metal Oxide Semiconductor, 
field 
Effect 
Iransistors) 
differ 
from 
bipolar 
transistors 
in 
operating 
principles, 
specifications, 
and 
performance. 
In fact, 
the 
performance 
characteristics 
of 
MOSFETs 
are 
generally 
superior to those of bipolar transistors: 
significantly faster 
switching 
time, 
simpler 
drive circuitry, 
the absence 
of a 
second-breakdown 
failure 
mechanism, 
the 
ability 
to 
be 
paralleled, and stable gain and response time over a wide 
temperature range. This note provides a basic explanation of 
general 
MOSFET 
characteristics, 
and 
a more 
thorough 
discussion 
of 
structure, 
thermal 
characteristics, 
gate 
parameters, operating frequency, output Characteristics, and 
drive requirements. 


General Characteristics 


A conventional 
n-p-n bipolar power transistor is a current- 
driven device 
whose 
three terminals 
(base, emitter, and 
collector) 
are connected 
to the body by silicon contacts. 


Bipolar transistors are described as minority-carrier 
devices 
in which injected minority carriers recombine with majority 
carriers. A drawback of recombination 
is that it limits the 
device's operating speed. And because of its current-driven 
base-emitter input, a bipolar transistor present a low-imped- 
ance load to its driving circuit. In most power circuits, this 
low-impedance 
input 
requires 
somewhat 
complex 
drive 
circuitry. 


By contrast, a power MOSFET 
is a voltage-driven 
device 
whose gate terminal, Figure 1(a), is electrically isolated from 
its silicon body by a thin layer of silicon dioxide (Si02). 
As a 
majority-carrier 
semiconductor, 
the MOSFET 
operates 
at 
much higher speed than its bipolar counterpart 
because 
there is no charge-storage 
mechanism. 
A positive voltage 
applied to the gate of an n-type MOSFET creates an electric 
field in the channel 
region beneath the gate; that is, the 
electric charge on the gate causes the p-region beneath the 
gate to convert to an n-type region, as shown in Figure 1(b). 
This conversion, called the surface-inversion 
phenomenon, 


allows current to flow between the drain and source through 
an n-type material. In effect, the MOSFET ceases to be an 
n-p-n device when in this state. The region between the 
drain and source can be represented as a resistor, although 
it does not behave linearly, as a conventional resistor would. 
Because of this surface-inversion 
phenomenon, 
then, the 
operation of a MOSFET is entirely different from that of a 
bipolar transistor, which always retain its n-p-n character. 


By virtue 
of its electrically-isolated 
gate, a MOSFET 
is 
described 
as a high-input 
impedance, 
voltage-controlled 
device, whereas 
a bipolar transistor 
is a low-input-imped- 


ance, 
current-controlled 
device. 
As 
a 
majority-carrier 
semiconductor, 
a MOSFET stores no charge, and so can 
switch faster than a bipolar device. Majority-carrier semicon- 
ductors also tend to slow down as temperature 
increases. 


This effect, brought about by another phenomenon 
called 
carrier mobility (where mobility is a term that defines the 
average velocity of a carrier in terms of the electrical field 
imposed on it) makes a MOSFET more resistive at elevated 
temperatures, 
and 
much 
more 
immune 
to the 
thermal- 
runaway problem experienced by bipolar devices. 


A useful by-product of the MOSFET process is the internal 
parasitic diode formed between source and drain, Figure 
1(c). (There is no equivalent 
for this diode 
in a bipolar 
transistor other than in a bipolar darlington transistor.) 
Its 
characteristics make it useful as a clamp diode in inductive- 
load switching. 
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FIGURE 1. THE MOSFET, A VOLTAGE-CONTROLLED 
DEVICE 
WITH AN ELECTRICALLY 
ISOLA TED GATE, USES 
MAJORITY 
CARRIERS 
TO MOVE CURRENT FROM 
SOURCE 
TO DRAIN 
(A). THE 
KEY TO MOSFET 
OPERATION 
IS THE CREATION 
OF THE INVER- 
SION CHANNEL 
BENEATH 
THE GATE WHEN AN 
ELECTRIC 
CHARGE 
IS APPLIED 
TO THE GATE 
(B). 
BECAUSE 
OF 
THE 
MOSFETs 
CONSTRUC- 


TION, AN INTEGRAL 
DIODE IS FORMED 
ON THE 
DEVICE (C), AND THE DESIGNER 
CAN USE THIS 
DIODE FOR A NUMBER 
OF CIRCUIT FUNCTIONS. 


Structure 


Harris Power MOSFETs are manufactured 
using a vertical 
double-diffused process, called VDMOS or simply DMOS. A 
DMOS MOSFET is a single silicon chip structured with a 
large 
number 
of 
closely 
packed, 
hexagonal 
cells. 
The 
number of cell varies according to the dimensions 
of the 
chip. For example, 
a 12Q-mi12 chip contains 
about 5.000 
cells; a 240-miI2 chip has more than 25.000 cells. 


One of the aims of multiple-cells construction is to minimize 
the MOSFET parameter rOS(ON),or resistance from drain to 
source, when the device is in the on-state. When rOS(ON)is 
minimized, 
the device 
provides 
superior 
power-switching 
performance because the voltage drop from drain to source 
is also minimized for a given value of drain-to-source current. 


Since the path between 
drain and source 
is essentially 
resistive. 
because 
of the surface-inversion 
phenomenon, 
each cell in the device can be assumed to contribute an 
amount, Rn, to the total resistance. An individual cell has a 
fairly low resistance, but to minimize rOS(ON)'it is necessary 
to put a large number of cells in parallel on a chip. In general, 
therefore, the greater the number of paralleled cells on a 
chip, the lower its rOS(ON)value: 


rOS(ON)= RrJN. where N is the number of cells. 
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FIGURE 2. THE DRAIN-To-SOURCE 
RESISTANCE 
(rOS(ON) OF 
A MOSFET 
IS NOT ONE BUT THREE 
SEPARATE 
RESISTANCE 
COMPONENTS) 


TABLE 1. PERCENTAGE 
RESISTANCE 
COMPONENTS 
FOR A 
TYPICAL 
CHIP 


Bvoss 
40V 
150V 
SOOV 


RCHANNEL 
50% 
23% 
2.4% 


RBULK 
35% 
70% 
97% 


REXTERNAL 
15% 
7% 
<1% 


In reality, rOS(ON)is composed of three separate resistances. 
Figure 2 shows a curve of the three resistive components for 
a single cell and their contributions 
to the overall value of 
rOS(ON)'The value of rOS(ON)at any point of the curve is 
found by adding the values of the three components at that 
point: 


rOS(ON)= RSULK+ RCHAN+ REXT 


where 
RCHAN represents 
the 
resistance 
of the 
channel 
beneath the gate, and REXTincludes all resistances resulting 
from 
the 
substrate, 
solder 
connections, 
leads, 
and 
the 
package. RSULKrepresents the resistance resulting from the 
narrow 
neck of n material 
between 
the two players, as 
shown in Figure 1(a), plus the resistance of the current path 
below the neck and through the body of the device to the 
drain. 


Note in Figure 2 that RCHANand REXTare completely inde- 
pendent 
of voltage, while 
RSULK is highly dependent 
on 
applied 
voltage. 
Note 
also 
that 
below 
about 
150 volts, 
rOS(ON)is dominated by the sum of RCHANand REXT'Above 
150 volts, rOS(ON)is increasingly dominated by RSULK'Table 
1 gives a percentage breakdown of the contribution of each 
resistance for three values of voltage. 


Two conclusions, 
inherent 
consequences 
of the 
laws of 
semiconductor physics, and valid for any DMOS device, can 
be drawn 
from 
the 
preceding 
discussion: 
First. 
rOS(ON) 


obviously 
increases 
with 
increasing 
breakdown-voltage 
capability 
of 
a 
MOSFET. 
Second, 
minimum 
rOS(ON) 
performance must be sacrificed if the MOSFET must with- 
stand ever-higher breakdown voltages. 


The significance 
of RSULKin devices with a high voltage 
capability is due to the fact that thick. lightly doped epi layers 
are required for the drain region in order to avoid producing 
high electric fields (and premature 
breakdown) 
within the 
device. And as the epi layers are made thicker and more 
resistive to support high voltages, the bulk component 
of 
resistance rapidly increases (see Figure 2) and begins to 
dominate the channel and external resistance. The rOS(ON) 
therefore, 
increases 
with 
increasing 
breakdown 
voltage 
capability, and low rOS(ON)must be sacrificed if the MOSFET 
is to withstand even higher breakdown voltages. 


There is a way around these obstacles. The rOS(ON)in Figure 
2 holds only for a relatively small chip. Using a larger chip 
results in a lower value for rOS(ON)because a large chip has 
more cells (See Figure 3). A larger chip also increases 
MOSFET breakdown voltage capability. 


The penalty for using a larger chip, however. is an increase 
in cost, since chip size is a major cost factor. And because 
chip area increases exponentially, not linearly, with voltage, 
the additional cost can be substantial. For example, to obtain 
a given rOS(ON)at a breakdown voltage twice as great as the 
original, the new chip requires an area four or five times 
larger than the original. Although 
the cost does not rise 
exponentially, it is substantially mOre than the original cost. 
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FIGURE 3. AS CHIP SIZE INCREASES, 
fDS(ON) DECREASES, 
& 
VOLTAGE 
HANDLING 
CAPABILITY 
INCREASES 


Effects of Temperature 


The high operating temperatures of bipolar transistors area 
frequent cause of failure. The high temperatures are caused 
by hot-spotting, the tendency of current in a bipolar device to 
concentrate 
in areas around the emitter. Unchecked, this 
hot-spotting 
results in the mechanism of thermal runaway, 
and eventual destruction 
of the device. MOSFETs do not 
suffer this disadvantage because their current flow is in the 
form of majority carriers. The mobility of majority carriers 
(where, again, mobility is a term that defines the average 
velocity of a carrier in terms of the electrical field imposed on 
it) is temperature 
dependent 
in silicon: mobility decreases 
with 
increasing 
temperature. 
This' 
inverse 
relationship 
dictates that the carriers slowdown as the chip gets hotter. In 
effect, the resistance of the silicon path is increased, which 
prevents the concentrations of current that lead to hot spots. 
In fact, if hot spots do attempt to form in a MOSFET, the local 
resistance 
increases 
and defocuses 
or spreads 
out the 
current, rerouting it to cooler portions of the chip. 


Because of the character of its current flow, a MOSFET has 
a positive temperature coefficient of resistance, as shown by 
the curves of Figure 4. 
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FIGURE 4. MOSFETs 
HAVE A POSITIVE TEMPERATURE 
CO- 


EFFICIENT 
OF 
RESISTANCE, 
WHICH 
GREATLY 
REDUCES 
THE POSSIBILITY 
OF THERMAL 
RUN- 
AWAY AS TEMPERATURE 
INCREASES 


The positive temperature 
coefficient 
of resistance 
means 
that 
a 
MOSFET 
is 
inherently 
stable 
with 
temperature 
fluctuation, and provides its own protection against thermal 
runaway and second 
breakdown. 
Another 
benefit 
of this 
characteristic 
is that MOSFETs can be operated in parallel 
without fear that one device will rob current from the others. 
If any device begins to overheat. its resistance will increase, 
and its current will be directed away to cooler chips. 


Gate Parameters 


To permit the flow of drain-to-source 
current in an n-type 
MOSFET, a positive voltage must be applied between the 
gate and source terminals. Since, as described above, the 
gate is electrically 
isolated from the body of the device, 


theoretically no current can flow from the driving source into 
the gate. In reality, however, a very small current, 
in the 
range of tens of nanoamperes, does flow, and is identified on 
data sheets as a leakage current, IGss. Because the gate 
current is so small, the input impedance of a MOSFET is 
extremely high (in the megohm range) and, in fact; is largely 
capacitive rather than resistive (because of the isolation of 
the gate terminal). 


Figure 5 illustrates the basic input circuit of a MOSFET. The 
elements are equivalent, rather than physical, resistance, R, 
and 
capacitance, 
C. 
The 
capacitance, 
called 
C,ss 
on 
MOSFET 
data sheets, 
is a combination 
of the device's 
internal gate-to-source 
and gate-to-drain 
capacitance. 
The 
resistance, R, represents the resistance of the material in 
the gate circuit. Together, the equivalent Rand C of the input 
circuit 
determine 
the 
upper frequency 
limit of MOSFET 
operation. 


FIGURE 5. A MOSFETs 
SWITCHING 
SPEED IS DETERMINED 
BY ITS 
INPUT 
RESISTANCE 
R AND 
ITS 
INPUT 
CAPACITANCE 
C1SS 


Operating 
Frequency 


Most 
DMOS 
processes 
develop 
the 
polysilicon 
gate 
structure 
rather 
than 
the 
older 
metal-gate 
type. 
If the 
resistance of the gate structure (R in Figure 5) is hi'gh, the 
switching time of the DMOS device is increased, thereby 
reducing its upper operating frequency. Compared to a metal 
gate, a polysilicon gate has a higher gate resistance. This 
property 
accounts 
for 
the 
frequent 
use 
of 
metal-gate 
MOSFET 
in 
high-frequency 
(greater 
than 
20M Hz) 
applications, and polysilicon-gate MOSFETs in higher-power 
but lower-frequency systems. 


Since the frequency response of a MOSFET is controlled by 
the effective Rand 
C of its gate terminal, a rough estimate 
can 
be 
made 
of 
the 
upper 
operating 
frequency 
from 
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datasheet parameters. The resistive portion depends on the 
sheet resistance of the polysilicon·gate 
overlay structure, a 
value of approximately 
20W/D. 
But whereas the total R 
value is not found on datasheets, the C value (C1SS)is; it is 
recorded as both a maximum value and in graphical form as 
a function of drain-to-source 
voltage. The value of C1SSis 
closely related to chip size; the larger the chip, the greater 
the value. Since the RC combination of the input circuit must 
be charged and discharged by the driving circuit, and since 
the capacitance 
dominates, 
larger chips will have slower 
switching times than smaller chips, and are, therefore, more 
useful 
in lower-frequency 
circuits. 
In general, 
the upper 
frequency limit of most power MOSFETs spans a fairly broad 
range, from 1MHz to 10MHz. 


Output Characteristics 


Probably the 
most used MOSFET 
graphical 
data is the 
output characteristics or plot of drain-to-source voltage (Vos) 
as 
a function 
of 
drain-to-source 
current 
(10), A typical 
characteristic, shown in Figure 6, gives the drain current that 
flows at various Vos values as a function of the gate-to- 
source voltage (gs). The curve is divided into two regions: a 
linear 
region 
in which 
Vos 
is small 
and 
drain 
current 
increases linearly with drain voltage, and a saturated region 
in which 
increasing 
drain voltage has no effect on drain 
current (the device acts as a constant-current 
source). The 
current level at which the linear portion of the curve joins 
with the saturated portion is called the pinch-off region. 


Drive Requirements 


When 
considering 
the 
Vgs 
level 
required 
to 
operate 
a 
MOSFET, note, from Figure 6, that the device is not turned 
on (no drain current flows) unless Vgs is greater than a 
certain level (called the threshold voltage). In other words, 
the threshold voltage must be exceeded before an apprecia- 
ble increase in drain current can be expected. Generally Vgs 
for many types of DMOS devices is at least 2V. This is an 
important consideration when selecting devices or designing 
circuits to drive a MOSFET gate: the gate-drive circuit must 
provide at least the threshold-voltage 
level, but preferably, a 
much higher one. 


As Figure 6 shows, a MOSFET must be driven by a fairly 
high voltage, 
on the order of 
10V, to ensure 
maximum 


saturated 
drain-current 
flow. However, integrated 
circuits, 


such as TTL types, cannot deliver the necessary 
voltage 
levels 
unless 
they 
are 
modified 
with 
external 
pull-up 


resistors. Even with a pull-up to 5V, a TTL driver cannot fully 
saturate 
most 
MOSFETs. 
Thus, 
TTL 
drivers 
are 
most 


suitable when the current to be switched is far less than the 
rated current 
of the MOSFET. CMOS 
ICs can run from 


supplies of IOV,and these devices are capable of driving a 
MOSFET into full saturation. On the other hand, a CMOS 
driver will not switch the MOSFET gate circuit as fast as a 
TTL driver. The best results, whether TTL or CMOS 
ICs 


provide the drive, are achieved when special buffering chips 
are inserted between the IC output and gate input to match 
the needs of the MOSFET gate. 
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Harris Power MOSFETs 


SWITCHING 
WAVEFORMS 
OF THE L2FET: 
A 5 VOLT GATE-DRIVE 
POWER MOSFET 


Author: C. Frank Wheatley. Jr. and Harold R. Ronan, Jr. 


The switching waveforms of a newly announced 
series of 
gate sensitivity, as shown in Figures 1, 2. and 3, which are 


power MOSFET devices called Logic Level FETs (L2FETs) 
comparisons 
of the industry standard 
RFM10N15 
with its 
and featuring a 5V gate drive are presented and contrasted 
Logic Level FET counterpart, 
the RFM10N15L. 
(Although 


with those of the more conventional 10V gate drive devices. 
the L suffix notation in the type number will ultimately be 


A new method of characterizing 
MOSFET switching perfor· 
valid for the entire product matrix. the L2FET product cur. 


mance is discussed in which the MOSFET is treated as a 
rently available is limited to n·channel devices handling 200V 


vertical JFET driven in cascade from a low voltage lateral 
or less, with 15A ratings or less.) 
MOS. The 2:1 advantage in rise and fall time and the 4:1 
10r:;---------------....., 
reduction in switching "dynamic V(SAT)"dissipation with con· 
!-- vG: g(4.5)V 
stant drive power of the L2FET over the 10V MOSFET are 
g 8 
~VG:6(3)V 
demonstrated and discussed 
;g 


A new series of power MOSFET devices called Logic Level 
FETs, or L2FETs, is compatible with the 5V power supply 
used for logic circuitry. 
L2FETs retain the on resistance, 
drain current, and blocking voltage ratings of their 10V pre· 
decessors, but operate from a much less costly 5V supply. 


The reduction in gate drive voltage is the result of halving the 
thickness of the gate insulator from the industry standard 
100nm to 50nm (500A). Since the surface inversion of the 
MOS channel is determined 
by the gate insulator voltage 
field, halving the insulator thickness halves the applied gate 
voltage without compromising drain characteristics. 


The apparent conclusion from a study of the switching wave· 
forms of the new device that halving the gate oxide thickness 
would double the gate capacitance and halve the switching 
speed 
does 
not prove true. 
Measurements 
demonstrate 
empirically a 2:1 increase in switching speed for the L2FET 
over its 100nm predecessor, where gate drive power is the 
same for both devices. The "dynamic V(SAT)"dissipation is 
lowered by a factor of four. The apparent anomalies 
are 
explained with the aid of a new method of switching charac- 
terization developed by treating the power MOSFET as a 
grounded gate, depletion mode. vertical JFET driven in cas- 
cade by a grounded 
source, 
enhancement 
mode, lateral 
MOS. The waveforms and switching characterization 
meth- 
ods are described in detail below. 


L2FET Characteristics 
Compared 
to Standard 
Types - A 
Brief Review 


Thirty-two different power MOSFETs of the L2FET structure 
have been announced. These devices were designed to be 
totally interchangeable 
with the standard power MOSFET 
with respect to output characteristics, while offering twice the 
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FIGURE 1. DRAIN CURRENT 
VS. DRAIN VOLTAGE 
CURVES 
FOR REPRESENTATIVE 
STANDARD 
AND 
L2FET 
DEVICES 
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FIGURE 2. DRAIN CURRENT 
VS. LOW DRAIN VOLTAGE 
CURVES 
FOR 
REPRESENTATIVE 
STANDARD 
AND 
L2FET 
DEVICES 
DEMONSTRATING 
THAT 
RONHAS NOT BEEN SACRIFICED 
IN THE L2FET 


Figures 1 and 2 are plots of drain current versus drain volt. 
age with gate voltage as the running parameter. The L2FET 
gate voltage is in parenthesis. The low drain voltage curves 
of Figure 2 demonstrate that RON has not been sacrificed in 
the L2FET. Figure 3 is the transfer characteristic comparison 
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for three 
different 
temperatures. 
The 
abscissa 
has two 
scales to reflect the different gate sensitivities; again, L val- 
ues are in parenthesis. It is evident from the curve that: 


1. The threshold voltage is scaled down by a factor of two for 
the L2FET. 


2. The thresholf voltage temperature coefficient in mVf'C 
is 
scaled down. 


3. The current level for zero temperature coefficient is un- 
changed. 


4. The transconductance 
is scaled up by a factor of two. 


All other L2FETs have similar relationships to their respec- 
tive predecessors. 
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FIGURE 3. TRANSFER 
CHARACTERISTIC 


Switching 
Waveforms with Conventional 
Drive 


The first concern when comparing devices with such a large 
difference of transfer sensitivity is one of "other things being 
equal". If the standard device is driven between zero and ten 
volts with an RG of 2SO, impedance transformation dictates 
that the L2FET should be driven between zero and five volts 
with an RG of 61/40. 
thereby transforming open circuit volt- 
age and short circuit current by factors of 2 (or 1/2), With 
these parameters. either drive system will supply a peak RG• 
or generator dissipation, of one watt. 


Figure 
4 displays 
the 
drain 
voltage 
versus 
time of the 
RFM10N1S and the RFM10N1SL when each is driven as 
described above with a SA. 7SV resistive load line. The time 
scale is lOOns per division. The table under the graph com- 
pares on delay time. rise time. off delay time, and fall time for 
each device. The times are measured in the normal manner, 
that is, involving the 10% and 90% points of the input voltage 
and output voltage waveforms. 


Note that: 


1. The rise and fall times are not symmetrical 


2. The is L2FET faster 


3. There is a "dynamic V(SAT)"type of behavior 


4. The "dynamic 
V(SAT)"is of a lesser amplitude 
for the 
L2FET 


GATE 
RG 
fo(ON) 
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TYPE 
DRIVE 
(0) 
(n5) 
(n5) 
(n5) 
(n5) 


RFM10N15 
0-10V 
25 
15 
120 
123 
73 
(l00nm) 


RFM10N15L 
0-5V 
6.25 
11 
57 
104 
62 
(5Onm) 


FIGURE 4. DRAIN VOLTAGE 
v5. TIME CURVES FOR REPRE- 


SENTATIVE 
STANDARED 
AND L2FET DEVICES 


Switching 
Waveforms with Constant 
Current Drive 


The power MOSFET is a current driven device during transi- 
tions due to the charging or discharging of capacitances. In 
actual applications. 
most drive circuits exhibit a first order 


approximation to a constant current where the voltage com- 
pliance is determined by ground potential or the drive circuit 
power supply voltage. The on current may not equal the off 
current; this situation is addressed below. 


Figure 
S presents 
the 
curves 
for 
the 
RFM10N1S 
and 
RFM10N1SL when each is driven from a current generator 
whose IG1= IG2.with gate voltage limits of zero and 10 or (S) 
volts. The drive current is kept the same for both devices in 
this case even though the L2FET receives less drive power 
or energy. The value for IG1and IG2was chosen as SmA; the 
time scale is 1llsldivision. 


Note that: 


1. The rise and fall times of a given device are the same with 
current drive. 


2. The two devices have similar output waveforms in most 


regions. 


3. There is a persistent "dynamic V(SAT)'even at slow switch- 


ing speeds. 


4. The "dynamic V(SAT( curves are symmetrical during the 
low drain voltage portion of the turn oil and turn off portion. 


5. The "dynamic V(SAT( curves are lower in amplitude by a 
factor of approximately two for the L2FET. 
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FIGURE 5. CHARACTERIZATION 
CURVES FOR REPRESEN- 
TATIVE 
DEVICES 
DRIVEN 
FROM 
A 
CURRENT 
GENERATOR 


Large Signal Equivalent 
Circuit of the 
MOSFET 
. 


If we are to understand the differences and similarities of the 
L2FET relative 
to the 
conventional 
power 
MOSFET, the 
conventional poer MOSFET must first be understood. Figure 
6 shows a properly proportioned cross sectional view of the 
power MOSFET. 
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FIGURE 6. CROSS SECTION OF POWER MOSFET 


When the drain voltage is very low and the gate is forward 
biased, 
an 
accumulation 
layer 
exists 
for the 
n- 
region 
beneath the gate. This layer may be thought of as serving 
the function of the drain for the lateral MOS. In addition, it 
serves as a source for a vertical depletion mode JFET. The 
gate of the JFET is formed by the body diffusion, particularly 
in the neck region. The JFET drain is the n+ region usually 
though of as being the MOSFET 
drain. This situation 
is 
shown in Figure 6, where the cross sectional view of the 
MOSFET is shown. The lateral MOS and the vertical JFET 


are schematically 
implied by the left half of Figure 6. The 
right half indicates the edge of the depletion width for several 
drain voltges. Note how the JFET pinches 
off, such that 
increased drain voltage is supported predominately 
by the 
JFET. This structure is schematically represented as shown 
in Figure 7. Note that the third quadrant diode is caused by 
the pen junction associated with the gate and drain charac- 
teristic (common to all JFETs). A parasitic n-pon transistor is 
not shown; nor is it discussed in this Note. Voltage node (4) 
is within the device, and is not precisely a single node, as 
represented .. 


FIGURE 7. SCHEMATIC 
REPRESENTATION 
OF THE CROSS 
SECTION OF FIGURE 6 


Interelectrode 
Capacitance 


The equivalent 
circuit 
of Figure 
7 contains 
four voltage 
nodes. Therefore, six capacitors will exist to couple these 
nodes. The switching waveforms are determined 
by these 
capacitors and the samll signal equivalent circuit of the MOS 
and JFET. Of course, the MOS and JFET small signal equiv- 
alent circuits are nonlinear functions of voltage and current 
and invarient with frequency. Similarly, the capacitors 
are 
nonlinear with voltage and current. 


Industry data sheets show three terminal characterization of 
this four node network at zero drain current. Under this con- 
dition, the transconductance 
and output resistance are zero 
and infinity for both the MOS and the JFET. This condition 
reduces the power MOSFET to the capactor network of Fig- 
ure 8, which may be replaced by three capacitors. Note that 
this situation is valid only when no MOSFET current flows. 


FIGURE 8. CAPACITOR 
NETWORK 
REPRESENTATION 
OF 
THE POWER MOSFET 


When current does flow, node (4) of Figure 7 is a low imped- 
ance node due to the source follower characteristic 
of the 
JFET. Similarly, nodes (1) and (3) are generally low imped- 
ance nodes by virtue of the ground reference and the load 
resistance. Therefore, capacitive currents will usually be sig- 
nificant only to the input node, (2). Capacitors C12, C23, and 
C24 are examined below over most of the switching regime 
when current is flowing. 
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Gate to Source Capacitance, 
C12 


When all of the die except the actual MOSFET cells are 
ignored, Figure 6 shows that the gate to source capacitance 
(C12) is that from the poly gate upward through the thick 
oxide to the source metal. In addition, there is a contribution 
from the poly gate to the n+ source through the thin gate 
oxide. Additionaly a fringing capacitance exists at the edge 
of the polysil gate. These components of C12 are invariant 
with voltage and current. There is a fourth component from 
the poly gate to a region about half way along the MOS 
channel through the gate oxide. This component is actually 
distributed, and varies somewhat with current and voltage. 


Gate to Drain Capacitance, 
C23 


Capacitor C23 exists only when no accumulation 
layer is 
present beneath the poly gate. Otherwise, the accumulation 
layer acts as an electrostatic shield. This layer exists when- 
ever the drain voltage immediately beneath the gate oxide is 
essentially negative relative to the poly gate. In addition, the 
capacitive 
coupling 
from drain to gate diminishes 
greatly 
when the JFET is pinched off. Therefore, C23 exists for only 
a small range of drain voltage. In addition, it should decrease 
rapidly as the pinch-off voltage level is approached because 
the effective area of concern 
is closed off similarly to the 
aperture of a camera (for a hex cell). 


Gate to Internal 
Electrode 
Capacitance, 
C24 


Capacitor C24 is rather large for positive gate voltages. It is 
made up of that area between the poly gate and the accu- 
mulation layer, plus some of the area between the poly gate 
and the moddle of the MOS channel. 
In both cases, the 
dielectric is the thin gate oxide. So long as the gate voltage 
is positive relative to the n- layer beneath the poly gate, the 
accumulation layer exists and C24 is invariant. This accumul- 
atin layer ceases to exist when the external drain voltage 
minus the IR drop through the n- neck region approximately 
equals the gate voltage. The area associated with the accu- 
mulation 
layer 
(JFET 
cathode) 
rapidly 
decreases 
with 
increased drain voltage. In addition, a depletion layer may 
now form, leading to a further reduction of C24. 


The following discussion relates the prior model discussion 
to the waveforms of Figure 5. The discussion begins with the 
gate voltage at +5V or +10V and the gate current equal to 
zero. This 
condition 
corresponds 
to 
saturated 
behavior, 


where the drain current is approximately 
equal to lo(max) 
and the drain voltage equals lo(max) times Ros(ON). 


Gate Voltage Slope - tOFFDelay 


As time progresses, IG = -SmA, which must flow through C12 
+ C23 + C24 of Figure 8 because the MOS and JFET are 
both heavily biased into conduction. Therefore, dVJdt = dV~ 
dt = nearly O. With large positive gate bias and drain voltage 
near zero, C23 is zero and C12 and C24 are constant. As a 
result, the gate voltage should be a straight line with a slope 
equal to: 


Gate Voltage Plateau 


As 
the 
gate 
voltage 
decreases, 
the 
drain 
voltage 
will 
increase imperceptibly at first until the gate voltage drops 
enough to bias the MOS into its constant current mode. At 
this point, the very high transconductance 
of the MOS is 
consistent with very little change in gate voltage to reduce 
the current by several percent. Several percent change in 
drain current corresponds to many volts in drain voltage. As 
a result, the gate current no longer flows from C12 during the 
constant gate voltage plateau. 


Drain Voltge Shallow Slope 


Since C23 is still zero, all gate current must flow from C24. 
Assuming that the gate voltage is plateaued 
and that the 
JFET is still heavily forward biased, node 4 of Figure 7 must 
ramp at linear rate. Therefore, the JFET must also ramp at 
this same rate. 


dVoIdt = IG/C24 


Again this curve will approximate a straight line. 


Drain Transition 
Voltage 


As mentioned above, C24 rapidly decreases once the drain 
voltage is slightly greater than the gate voltage. (Actually, 
this voltage is the n- voltage directly beneath the gae oxide, 
and differs from the drain voltage by an amount nearly equal 
to loros(on).) 


Since the drain voltage is still firly low and the drain current 
has not changed much, the gate plateau voltage still exists. 
Equation 2 still applies except that the value of C24 has 
materially decreased and C23 has become finite. This situa- 
tion results in a substantial increase in dVoIdt. 


JFET Pinch Off Voltage - Drain Voltage Steep Slope 


As the drain voltage approaches the pinch off voltage of the 
JFET, the JFET comes out of saturation and starts to support 
MOSFET drain voltage. The voltage gain of the active JFET 
permits large changes in the JFET drain voltage for small 
changes in its source-to-gate voltage. But the JFET sour·to- 
gate voltage is the lateral MOS drain-to-source voltage, which 
is dominated by equation 2 (but for low values of C24). 


Gate Voltage Curvature 
from Plateau 


As the drain voltage increases, the drain current decreases. 
This condition requires significant decrease in gate voltage 
until the gate threshold is approached. A significant portion 
of the gate current must now flow through C12. This flow pro- 
duces a gradual transition 
in the gate voltage and some 
slowing of the drain voltage waveform. 


Gate Voltage Slope - t(ON)Delay 


When the drain is totally off, most of the gate current flows 
from C12. Again,this capacitance 
is constant, 
so that the 
waveform is a straight line with a slope equal to: 


MOSFETGATE 


2K 


New Switching 
Characterization 
for 
Power MOSFETs 


The above discussion suggests that a new method of char- 
acterization 
may be provided 
for resistive switching 
with 
power 
MOSFETs, 
where 
constant 
current 
gate drive 
is 
employed 
during the transition 
time.' 
The below method 
bears some similarity to the gate charge concept.2 The state 
of the gate charge is a continuous plot in this work, however, 
rather than a single point. This approach permits a knowl- 
edge of all waveforms with any drive dircuitry, rather than 
just the total elapsed time. In addition, the total elapsed time 
is fixed (at just under SO microseconds) 
by choosing the 
required value of constant gate current. Circuit designers are 
usually more comfortable 
with milliamperes 
and microsec- 
onds (although the product is charged in nanocoulombs). 


Test Circuit· 
Drive 


A test circuit is shown in Figure 9. The heart of this circuit is 
the Harris CA3280 integrated circuit. This is an operational 
transconductance 
amplifier (OTA) operated as a comparator. 
An OTA is a current output circuit where the output current 
and output transconductance 
are programmed by the ampli- 
fier bias current (lABel. Internal chip circuit feedback assures 
an extremely 
high output impedance 
within a compliance 
range established by the supply voltages. The circuit of Fig- 
ure 9 is actually two OTA's in parallel. The linearizing diodes 
on this chip are not used. 


A value of IABC is established 
from the collector 
of the 
2N4036. The current into the load (the gate of the MOSFET 
under test) may be varied between +IABCand -IABCtimes a 
constant of proportionality 
(approximaetly 
0.9). The actual 
value depends upon the input differential input voltage. As a 
comparator, the differential voltage is large resulting in satu- 
rated behavior of ±IABC' If the gate voltage comes within a 
volt of the rail voltages, this current goes to zero, producing a 
clamping voltage. For the purposes of this Note, these sup- 
ply voltages are adjusted to clamp 0 volts and +10 volts for 
the normal n-channel MOSFET. The behavior of this IC is 
excellent from submicroamperes 
to about 2.SmA. Higher 
current may be achieved by stacking many CA3280 pack- 


ages one on top of another and soldering the leads to apral- 
lei the chips rather than wiring many sokets. However, this 
arrangement may require an increase in the bypass capaci- 
tor values. 


A CA3240E MOS input op amp is used as a unity gain fol- 
lower. Otherwise, the 1mQ or 10mQ shunting impedance of 
the scope would load the high impedance circuitry associ- 
ated with the MOSFET gate. 


Testing Conditions 


A pulse generator 
is set for SOllS on time duration 
and 
approximately 2Sms repetition rate (about 0.2% duty cycle). 
The ± clamp voltages are set to the appropriate values. The 
power MOSFET load resistor is chosen to equal the maxi- 
mum rated voltage divided by the maximum rated current. 


With a low value of drain supply voltage, observe the gate 
voltage while adjusting IABC'A convenient set f conditions 
occurs when a short dwell time of several lls exists at the 
+10V level. Minor adjustments may be desired for IABC as 
the drain supply voltage 
is increased 
to maximum 
rated 
value. The L2FETs would be tested at +SV gate clamp. 


Figure 
10 
exhibits 
the 
pertinent 
waveforms 
for 
an 
RFM1SN1S. All power MOSFETs have similar waveforms. 
Figure 10(a) is the 3V signal to the CA3280. Figure 10(b) is 
the power MOSFET gate current. In this example, the ampli- 
tude is ±1mA with a third state of OmA. Figure 10(c) displays 
the gate voltage and the drain voltage, 10V peak-ta-peak 
and 1S0V peak-to-peak. Figure 10(d) 
is a piece wise linear 
approximation of Figure 10(c). The datum line is zero volts 
and applies to both waveforms. The time scale of the wave- 
forms of Figure 10 is 10011Sfull scale. 


There are some features of the gate and drain voltage wave- 
forms that should be noted. These features are consistent 
with the equivalent model discussion. 


1. The waveforms during the positive gate current time are 
symmetrical 
to those during the negative 
gate current 
time. Exceptions 
will occur for very fast or very slow 
switching, and for nonsymetrical current drive. These ex- 
ceptions are discussed in the following. 
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2. The drain voltage waveform contains a rather steep slope 
with a fairly constant dv/dt over most of the drain voltage 
excursion. 


3. The drain voltage contains a rather shallow slope with a 
fairly constant dv/dt over the remainder of the drain volt- 
age excursion. 


4. The drain transition voltage (defined as the intercept of the 
above two near straight lines) typically occurs when the 
drain voltage equals the sum of the gate voltage (at that 
instant of time) plus the product of the drain current times 
rDS(on). 


5. The gate voltage waveform contains three near straight 
line segments during the positive gate current transition 
time. 
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FIGURE10. (a) 3V SIGNAL TO THE CA3280,(b) POWERMOS- 


FETGATECURRENT,(c) GATEAND DRAINVOLT- 
AGE, (d) PIECE WISE LINEAR APPROXIMATION 
OF 10{e) 


Application 
of the Switching 
Data 


Figure 11 is a family of curves similar to Figure 10(c), where 
the drain supply voltage is fixed at four values. Note that the 
ordinate is 10V full scale for the gate voltage, while it is nor- 
malized to 100% of maximum-rated 
drain voltage for the 
drain-voltage curves. All four sets of curves are taken with a 


predetermined 
gate current. ±Ir. The abscissa is also nor- 


malized to 100 (Ir"G) microseconds 
full scale. where IG is 


the actual gate drive current. With this characteristic curve, 
switching behavior may be readily predicted for almost any 
driving circuit, provided the load is resistive. 


FIGURE11. CURVESSIMILARTO THOSEOF FIGURE10(e) 
WITH DRAIN SUPPLY VOLTGE FIXED AT FOUR 
VALUES 


Symmetrical 
Current 
Drive 


Waveforms of Figure 11 will scale in an inverse manner with 
gate current. Driving current was varied from ±2oomA 
to 


±2~ 
for the device of Figure 11.Measurements of delay time 
(on), rise time. delay time (off), and fall time are plotted in 
Figure 12 and compared to the inverse scaling suggested by 
Figure 11. 
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FIGURE12. VARIOUSTIMEMEASUREMENTSCOMPAREDTO 
THE INVERSESCALINGSUGGESTEDBY 
FIGURE11. 


It is anticipated that very slow switching (in the millisecond 
region) will result in the chip thermally tracking the power 
dissipation, 
which 
would cause some deviation 
from the 


inverse scaling. This condition was not noted on Figure 12 
for gate currents as low as ±2J.1A. 


Large gate currents result in very fast switching waveforms. 
The gate of each hex cell is accessed through a gate pad 
and 
gate 
runners, 
which 
are of a low resistivity 
metal 
followed by buried polysilicon of a moderate resistivity. Asa 
result, the high gate currents cause a propagation delay to 
exist for those cells far removed from the gate runners. This 
effect is not seen in Figure 12, even though the gate current 
was increased to ±2QOmA. 


Asymmetrical 
Current 
Drive 


The positive and negative gate drive will often be dissimilar. 
Of course, the scaling must reflect this situation. At other 
times the gate current varies with amplitude. This condition 
is always true when driving from a pulse generator of fixed 
resistance. 
Piecewise 
linear methods 
will yield the gate 
current, which will permit the proper piecewise linear scaling. 
This calculation could be done in the following manner: 


1. Mark eleven small x's along the gate waveform of Figure 
11 dividing it into 10 equal voltage segments; for example. 
VG = 0.1.2 •... 
9. 10V. 


2. Draw a vertical line through each x the full height of the fig- 
ure. creating 10 time segments. 


3. If the driving-pulse amplitude is 0 to 10 volts with an inter- 
nal resistance of 100 ohms. calculate the piecewise linear 
gate current for each time segment. IG1 = (10 - 0.5)/100 = 
95mA. IG2 = (10 -1.5)/100 = 85mA. etc. 


4. Then scale each waveform within the pertinent time seg- 
ment by the proper gate current. 


5. Smooth the curves. 


6. Create 10 more time segments for the right half of Figure 
11 corresponding to an average gate voltage of 9.5.8.5, . 
. . 1.5.0.5 volts. Call these segments 11.12•... 19,20. 


7. In that the pulse-generator voltage is now zero volts. cal- 
culate IG as: 
IG11 = (0-9.5)/100 = -95mA. IG12 = (0-8.5)/100 = -85mA, 
etc. 


8. Repeat 4 and 5. L2FETs would be treated with smaller 
voltage segments. 


Generally. the gate-voltage plateau of Figure 11 will not be 
located at the middle of the pulse-generator 
amplitude 
(5 
volts). As a result. rise and fall times measured this way 
experience differing gate currents and are "nonsymmetrical". 
This type of measurement 
will also lead one to observe 
temperature 
sensitivities. 
load-current 
sensitivities. 
and 
device-to-device 
variability. 
all of which 
are more 
circuit 
dependent than device dependent. 


Source-Lead 
Inductance 


The 
gate-voltage 
waveforms 
may 
be 
corrected 
by the 
voltage 
across 
the 
source-lead 
inductance 
and 
external 
inductance. which may be mutually common to the input and 


output 
current 
loops. 
This 
voltage. 
L 
dild!. 
may 
be 
approximated and applied to the gate-voltage waveform after 
scaling Figure 12 for the actual gate currents. Generally. this 
effect is not appreciable for gate current small relative to 
±100mA. A very loose circuit wiring arrangement with inches 
of mutually common source wire will exaggerate this effect. 


Most power MOSFET applications 
need switch no faster 
than tenths of a microsecond, but should faster switching be 
required, 
this section 
will become 
important. 
It must be 
understood 
that 
the 
power 
MOSFET 
appears 
as 
a 
distributed network of many cells when used for very fast 
switching. 


The thousands of individual MOSFET cells are connected in 
parallel with highly conductive 
metal for the sources and 
drains. However, the gates are paralleled with a moderately 
conductive film of doped polysilicon. As a result. a very steep 
voltage wavefront applied to the gate pad will bias those 
cells close by. but a delay will occur for turn on or turn off. 
Because of the nonlinear "input capacitance" 
of each cell, 


the delay cannot be characterized 
by a pure number of so 
many nanoseconds. 


Presently. most manufacturers characterize typical switching 
speed for a single test condition. The test conditions 
are 
usually chosen to present the most favorable result. usually 
near the upper limit of usefulness. 


Figures 13(a). (b). and (c) show the increasing effect of gate 
voltage propagation. 
The gate waveform 
is the only one 
shown because the drain is not affected so drastically. This is 
true because some cells are overdriven. offsetting the effect of 
the starved cells. Care must be exercised when operating with 
large gate effects similar to those of Figure 13(c). 
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FIGURE 13. CURVES SHOWING THE INCREASING 
EFFECT OF 
GATE VOLTAGE 
PROPAGATION 


Gate-propagation 
effects may be reduced by the following 
design methods: 


1. Many gate runners. 


2. More conductive polysilicon. 


3. Silicide rather than polysilicon gates. 


4. Less cells (resulting in lower transconductance and higher 
Roo)· 


5. Substantially different lateral and vertical structure. 


6. High-frequency packaging. 


None of the above methods will yield "breakthrough" devices 
unless used in combination. 


Any of the previous methods require trade-offs which would 
not be attractive to the needs of most components 
users. 


These trade-offs are in the realm of: 


1. Reduction of Roo per unit area. 


2. Decreased yield. 


3. Added cost (beyond the cost of yield impact). 


4. RFI, self-oscillation, and other problems characteristic of 


very fast devices. 
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POWER MOSFET SWITCHING 
WAVEFORMS: 
A NEW INSIGHT 


Author: Harold R. Ronan, Jr. and C. Frank Wheatley, Jr 


The examination 
of power MOSFET 
voltage and current 
waveforms 
during 
switching 
transitions 
reveals 
that 
the 
device characterization 
now practiced by industry is inade- 
quate. In this Note, device waveforms are explained by con- 
sidering the interaction of a vertical JFET driven in cascode 
from a lateral.MOSFET 
in combination 
with the interelec- 
trode capacitances. Particular attention is given to the drain- 
voltage waveform and its dual-slope nature. The three termi- 
nal capacitances now published by the industry are shown to 
be valid only for zero drain current. For cases where the gate 
drive is a voltage step generator with internal fixed resis- 
tance, the drain voltage characteristics are inferred from the 
gate current 
drive 
behavior 
and 
compared 
to observed 
waveforms. The nature of the "asymmetric switching times" 
is explained. 


A waveform family is proposed as a more descriptive and 
accurate method of characterization. 
This new format is a 
plot of drain voltage and gate voltage versus normalized 
time. A family of curves is presented for a constant load 
resistance with VOO varied. Gate drive during switching tran- 
sitions is a constant current with voltage compliance limits of 
o and 10 volts. Time is normalized by the value of gate driv- 
ing current. The normalization 
shows excellent agreement 
with data over five orders of magnitUde, and is bounded on 
one extreme by gate propagation effects and on the other by 
transition time self-heating (typically tens of nanoseconds to 
hundreds of microseconds). 


The 
keystone 
of 
an 
understanding 
of 
power 
MOSFET 
switching 
performance 
is the 
realization 
that 
the 
active 
device is bimodal and must be described using a model that 
accounts for the dual nature. Buried in today's power MOS- 
FET devices is the equivalent of a depletion layer JFET that 
contributes 
significantly 
to 
switching 
speed. Figurei 
is a 
cross-sectional view of a typical power MOSFET, with MOS- 
FET/JFET symbols superimposed on the structure. 


Figure 2 is obtained by taking the lateral MOS and vertical 
JFET from this conception and adding all the possible node- 
to-node capacitances. 
Computed values of the six capaci- 
tances for a typical 
device structure 
suggest that device 
behavior 
may 
be adequately 
modeled 
using 
only 
three 
capacitors in the manner of Figure 3. This is the model to be 
employed for analysis and study 


FIGURE 1. 
CROSS-SECTIONAL 
VIEW OF MOSFET SHOWING 
EQUIVALENT 
MOS TRANSISTOR 
AND JFET 


FIGURE 2. 
MOS TRANSISTOR 
WITH CASCODE-CONNECTED 
JFET AND ALL CAPACITORS 


Gate Drive: 
Constant 
Voltage Or Constant 
Current 


Before moving on to the study of the equivalent circuit states 
of the model. a gate-drive forcing function which is easy to 
represent, 
relates 
to 
reality, and 
best 
illustrates 
device 
behavior must be chosen. The choice may be immediately 
narrowed to two: 


(1) An instantaneous step voltage with internal resistance R, 
Figure 4. 


(2) An instantaneous step current with infinite internal resis- 
tance, Figure 5. 


v~ 
v(l) 
El 


TURN 
ON 


v(l) '" VG (1 -. 
rl/RoC 


1(1)= VG • -l/RoC 
RO 


TURN 
OFF 
v(l) '" VG • -tlRoC 


1(1)=. ~ 
.-l/RoC 


RO 


FIGURE 
5. 
STEP·VOLTAGE 
FORCING 
FUNCTION 


Power MOSFET 
devices are highly capacitive 
in nature; 


hence, simple capacitor responses to the forcing functions 
offer a good 
vehicle 
for comparison. 
The advantageous 


choice 
is 
immediately 
obvious: 
Figure 
5. 
Voltage/time 
responses 
dominated 
by capacitance 
are 
straight 
lines 
(when constant current is used). The slope of these lines is 


proportional to current and inversely proportional to capaci- 
tance. Analytically, 
then, constant 
current is most conve· 


nient. 
It 
is 
quite 
another 
matter, 
however, 
to 
build 
a 
bidirectional current drive that is accurate across the many 
decades 
of both current 
and time 
required 
to establish 
experimental verification. 


To completely characterize power MOSFET switching wave- 
forms, the six states that a device assumes, Figure 6, must 
be addressed: 


STATE 
MOS 
JFET 


Turn-on 
1 
Off 
Off 


Turn-on 
2 
Active 
Active 


Turn-on 
3 
Active 
Saturated" 


Turn-off 
4 
Saturated 
Saturated 


Turn-off 
5 
Active 
Saturated 


Turn-off 
6 
Active 
Active 


"The term saturated is taken to mean a constant low-voltage 
drain·source condition. 


1(1) 
~GT 
ro--oV(I) ~ 
I 
-VG. C 


C 
T 1 
T 
I 


TURN 
ON 
Id 
v(I)= 
~ 


1(1)= IG 0 < I < T 


TURN OFF 


-Id 
v(l) = 2VG "E 


1(1)= IG T <1< 
2T 


The lumped·parameter model of Figure 3, with the cascocle- 
connected JFET, can now be reduced to the linear equiva- 
lent circuit of Figure 7, and the six device states investigated 
from full off to full on. 


GATE 
jro-- 


VGS - Gate Voltage 
CDS 
- Drain Source Capacitance 


Vx 
- JFET Driving Voltage 
gm 
- MOSFET 
Transconductance 


VD 
- Drain Voltage 
gmJ 
- JFET Transconductance 


CGS - Gate Source 
RL 
- Drain Load Resistance 
Capacitance 


Cx 
- MOSFET 
Feedback 
IG 
- Constant 
Current Aflllitude 


Capacitance 


State 1: MOS Off, JFET Off 


In a power-MOSFET 
device. no drain current will flow until the 
device gate threshold 
IIOltage. VT• is reached. 
During this time. 
the gate current drive is only charging 
the gate source capaci- 
tance. More accurately, 
IG is charging 
Ciss (Ciss = CGS + CG[> 
Cos 
shorted). 
the capacitance 
designation 
published 
by the 
industry. 


The current 
generators, 
9mVg and gmJVx are open circuits for 
zero drain current. and RL is presumed to be so low as to repre- 
sent a short circuit (generally true for practical applications). 
This 
is academic however since CGS is very much larger that Ce. The 
time to reach threshold. then. is simply: 


State 2: MOS Active, JFET Active 


This state graphically 
illustrates the dramatic 
influence that the 
JFET 
has on the power 
MOSFET 
drain-lIOttage 
waVf!r brm. 


Instead of having to discharge Cx from Voo to ground. the lateral 
MOSFET need only swing Vx to ground. a much smaller IIOttage 
thanks to the grounded 
gate JFET. Since the interaction of RL 
with the device capacitances 
has a second-order 
effect on the 
drain IIOttage. the equivalent 
circuit of Figure 7 predicts a drain 


IIOnage change of: 


dvG"dt = gmRLldlCGs + Cx(l + g",lgmj)) 


In all but the smallest 
power-MOSFET 
devices. ex is several 
thousand 
picofarads 
and g",lgmj is of the order of 3:1. Power- 
MOSFET devices exhibit a high dv[/dt 
switching rate because of 
the cascode-connected 
J FET, not because Crss (Crss = CGo) is a 
small value. as zero-drain-current 
data- sheet capacitance 
val- 
ues might lead one to believe. If Crss were. in actuality. small. long 
drain IIOltage tails would not exist. The tail response 
is a direct 
resutt of JFET saturation. In order to delineate the transition from 
state 2 to state 3. a drain IIOltage at which the transition occurs 
must be defined. VOK is the knee IIOttage at which linear extrapo- 
lations of drain-lIOttage 
slopes 
intersect. 
The time duration 
of 
state 2 is: 


t = (Voo - VDK)[CGS + Cx(l + g",lgmJlY9mRLIG 


State 3: MOS Active, JFET Saturated 


When the JFET saturates. the gmJVx current generator becomes 
a short circuit and the equivalent circuit predicts: 


dv[/dt = 9mRLldlCGS + Cx(l + gmRLll 


This is the Miller effect so often referred to in older texts that 
describe the behavior of grounded-cathode 
vacuum-tube 
ampli- 
fier circuits. Allowing for the fact that 1 + gmRL is approximately 
equal to gmRL and Cx(l + gmRLl is very much larger thanCGs• 
the expression for drain-lIOltage tail time is: 


t = (VOK- Vo[satJ)Ck 


State 4: MOS Saturated, JFET Saturated (Tum-Off) 


In this state. in addition to gmjVx being shorted. the gmVG current 
generator 
is shorted. 
and IG is occupied 
with charging ex and 
CGs. in parallel. from the peak value of VG to VG(sat). The time 
required 
for this is: 


t = (VG - VG(sat)(CGS + Cx)/IG 


Since a value for CGS may be measured independently 
of switch- 


ing time. the method described 
is the simplest way of determin- 


ingCx· 


On turn-off. the state time equations are equally applicable. but in 
reverse order (states 5 and 6); see the idealized waveform of Fig- 
ure4. 


ExperImental Verification 


The four switching states just analyzed 
indicate that for a given 
device. all four switching state times are inversely proportional 
to 
the magnitude 
of the gate drive current. Figure 8 illustrates the 
switching perormance 
of a typical power MOSFET across three 
decades 
of gate drive current and time. In each case the data 
slope is almost a perfect -1. 


Figure 8 could not be a reasonable device data sheet presenta- 
tion because it does not give the designer any information 
on a 
typical value for CX' nor does it convey how VOK.9m. 9nlQmJ. and 
VG(sat) vary with drain current. 
What would 
be of enormous 
value to the designer is a plot of volt). vG(t) for selected values of 
Voo and 10 within device ratings. 


A reasonable characterization 
would be as follows: 


1. The x axis would be normalized in terms of gate current drive. 


2. The Y axis would be normalized in terms of percent maxirrum rated 
Vo (0 to 100%). 


3. RL = VO(maxYIO(max)would define the drain load resistance. 


4. FourplotsoIvo(t). vG(t)at 100%.75%. 50%. and 25% Vo(max)would 
be shown. 
10 
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FIGURE 8. 
CONSTANT 
GATE CURRENT 
SWITCHING 
TIME 


Figure 
9 is such a plot for the RFM15N15 
power 
MOSFET. 


With such a plot. a designer 
can estimate 
device 
switching 
performance 
under any resistive 
gate/drain 
conditions. 
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FIGURE 9. NORMALIZED 
RFM15N15 
SWITCHING 
WAVE· 
FORMS FOR CANSTANT 
GATE-eURRENT 
DRIVE. 


The majority of power MOSFET applications employ a step 
gate-voltage 
input with a finite source resistance RoOllen 
Ro for turn-on is not the same as Ro for turn-off. How can 
switching times for these situations be estimated using the 
switching characterization curves just described? The analy- 


sis 
for 
resistive 
step 
voltage 
inputs, 
which 
is complex 


because the gate current is no longer constrained to be con- 
stant, but is a function of device gate-voltage 
response, is 


covered in Appendix A. (A second, shorter appendix, B, has 
been added to illustrate the estimation of ROfor some practi- 
cal gate drive circuits.) Table I summarizes 
the common 


switching equations, and indicates the appropriate 1G to be 
used in each state for relating step voltage drives to the 
characterization curves. 


Experimental 
Verification 


Since the switching equations for step currents and voltages 
differ only by gate-current magnitudes for the same device 
type, one would expect a plot of switching time versus llRO 
to be of the same form as those obtained for a step current 
drive. This is exactly the case, as Figure 10 is merely a vari· 
ation of Figure B. Using the relationships 
of Table I, the 
observed differences 
between 
Figs. 7 and 9 can be pin- 


pointed. The two sets of experimental curves confirm that, 
on the basis of the short-circuit drive current VU/RO equal- 
ling the constant 
1G, t6(on), t, td(off), and tl 
will all be 


longer, as predicted by the ratios of the gate drive currents of 
Table 1. Notice also that t. t1 switching symmetry 
is dis· 


rupted by the use of a step voltage with source resistance 
RO. For states 2 and 6 the time ratio is: 


CONSTANT 
CURRENT 
I 
STATE 1: MOS OFF, JFET OFF 
I 
CONSTANT 
VOLTAGE 


Ci•• VT 
[11 
t= 
t= Ro Ciss In 
T 
IG 
[l-V,.IGvl 


U 
IG = I,- 
I 
STATE 2: ACTIVE, ACTIVE 
I 
IG = (VG • VTYRo 
R 
N 
[Voo - Vol<) [CGS+ Cx (1 + gn/gmJ)] 
t= 
0 
gmRLIG 


N 
IG = l,- 
I 
STATE 3: ACTIVE, SATURATED 
I 
IG = (VG• VG•• JIRo 


t= 
(VOK- VOsaJCx 


IG 


'G=I,- 
I 
STATE4:SATURATED,SATURATED 
I 
IG= .ValRo 


(CGS + Cx)(VG - VGsaJ 


T 
t= 
t = Ro(CGS + Cx) In (VafVGsaJ 


U 
IG 


R 
~=I,- 
I 
STATE 5: ACTIVE, SATURATED 
I 
IG = (VG• VG•• JIRo 


N 
(VOK- VOsaJCx 
t= 
0 
'G 
F 
I 
I 
F 
IG = I,- 
STATE 6: ACTIVE, ACTIVE 
IG = (VG• VGoaJlRo 


t= 
[Voo - Vol<) [CGS+ Cx (1 + gn/gmJ)] 


gmRL'G 


Experimental 
Verification 


Since the switching equations for step currents and voltages 
differ only by gate-current magnitudes for the same device 
type. one would expect a plot of switching time versus 11Ro 
to be of the same form as those obtained for a step current 
drive. This is exactly the case. as Figure 10 is merely a vari- 
ation of Figure 8. Using the relationships 
of Table I. the 
observed 
differences 
between 
Figs. 7 and 9 can be pin- 
pointed. The two sets of experimental curves confirm that. 
on the basis of the short-circuit drive current VdAo 
equalling 
the constantlG' 
td(on). to td(off). and tf will all be longer. as 
predicted by the ratios of the gate drive currents of Table 1. 
Notice also that t,. tf switching symmetry is disrupted by the 
use of a step voltage with source resistance Ro For states 2 
and 6 the time ratio is: 


tturn-<>n 
VG(sat) 


tturn-off 
VG - VT 


For states 3 and 5 the time ratio is: 


ttum..," 
VG(sat) 
ttum-off 
VG - VG(sat) 


Utilization of available maximum gate drive voltage and cur- 
rent can be optimized for fastest power MOSFET switching 
speed through the use of constant-current 
gate drive at the 
expense of increased gate-drive circuit complexity. 
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Using 
The Characterization 
Curves, 
Figure 
9 


To estimate the switching times for an RFM15N15 power 
MOSFET under the conditions VG = 10V, Voo = 75V. Ro = 
100 ohms. and RL = 10 ohms, precedes as follows: 


State 1: MOS Off, JFET Off 


This time can be estimated without recourse to the curves 


t.. 
100(1200 
X 10-12) in [1/(1·4/10)] 


t= 
61 ns 


State 2: MOS Active, JFET Active 


la" 
(10·4)/100 
•• 60mA 


t •• 
(curvedivisions)x IT lIS 
•• _9_ 
60 
60 


(10·7)1100 
•• 30mA 


(curvedivisions)x IT lIS 


30 


State 4: MOS saturated, 
JFET Saturated 


Cas + Cx 
(ilate voltageslope)(testcurrent) 


•• 
(1.5x 10-6s15 volts)(1OmA) 


•• 
3000pF 


t •• 
100(3000 x 10',12)in [10/6.6) 
t.. 
125ns 


State 5: MOS Active, JFET Saturated 


IG = 
6.61100 •• 66mA 


(curvedivisions)x IT lIS 
8 
=-- 
66 
66 


Figure 11 shows RFM15N15 
waveforms 
using the condi- 
tions specified in the example. 


75 


RFM15N15 
Voo •• 75 VOLTS 
RL=100HMS 
VG •• 10 VOLTS 
F!o •• 1000HMS 


CALCULATED 
MEASURED 
STATE 
TIME 
TIME 
RATIO 


(!c. ns) 
(tm•ns) 
(tc/tm) 


1 
61 
60 
1.02 


2+3 
671 
670 
0.92 


4 
125 
137 
0.91 


5+6 
318 
375 
0.85 


For peak gate voltages other than 10 volts. and load resis- 
tances other than VOSsflO(,ms). the equations of Table 1 may 
be used in conjunction with slope estimates from the charac- 
terization curves lor Cx and CGS + Cx(1 + 9mt9mJ) 
at the 
appropriate drain-current level. 
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The swnching-time range over which the characterization can be 
applied is very impressive. For gate currents of the order of 
microamperes, device dissipation is the limning factor. For gate 
currents of the order of amperes, the device response will be 
slowed by gate propagation delay. This delay, of course, 
degrades the linear swnching relationship to gate current. How- 
ever,as Figure 12 graphically shows, the characterization is valid 
across five decades of gate current and swnching time, allowing 
all but a very few swnching applications to be described by the 
characterization curves of Figure 9. 
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The viabilny of the proposed characterization curves using con- 
stant current has been demonstrated and the limits of applica- 
tion defined.· The existence of a vertical JFET in a power 
MOSFET makes data-sheet capac~ances of little use for esti- 
mating sw~ching times. The classical method 
of defining 
switching time by 10% and 90% is a poor representation for 
power MOSFETs because of the dual- slope nature of the drain 
waveforms. Sw~ching influences are masked because the 10% 
level is controlled by one mechanism and the 90% level by 
another. Device comparisons based on the classical switching 
definition can be very misleading. 


Appendix 
A - Analysis 
For Resistive 
Step 
Voltage Inputs 


Step Voltage Gate Drive 


To obtain the necessary 
relationships, six device switching 
states must be examined using the same device equivalent 
circuit as was used for the constant-gate-current 
case, but 
with the forcing function replaced with a step voltage with 
internal resistance Ro, Figure A-1. 


VGS - Gate Voltage 
CDS 
- Drain Source 
Capacitance 


Vx 
- JFET 
DrMng 
Voltage 
gm 
- MOSFET 
Transconductance 


Vo 
- Drain Voltage 
gmJ 
- JFET 
Transconductance 


CGS - Gale 
Source 
RL 
- Drain Load Resistance 
Capacitance 
e- 
- MOSFET 
Foodback 
IG 
- Constant 
Current 
Af1l>lilUde 
Capacitance 


FIGURE A-1. 
POWER MOSFET EQUIVALENT 
CIRCUIT 


State 1: Mos Off, JFet Off 


As before, both current generators are open circuits, reduc- 
ing the equivalent circuit to simply charging eiss through Ro. 


t = 
RoCissln(1/(1 
- V,NG)] 


t= 
VG"Ro 


State 2: Mos Active, JFet Active 


Before proceeding, it is wise to examine an actual device 
response and make use of available simplifications. Figure A-2 
shows iG(t) and iD(t) for a typical power MOSFET driven by a 
step gate voltage. For truly resistive switching, realize that these 
waveforms are only mirror images of their voltage counterparts 
vG(t) and VD(t).Using Figure A-2, applicable gate currents for 
each of the device states may be listed. 


IpKl 


FIGURE A-2. 
IG(I) AND 10(1) FOR A TYPICAL 
POWER MOSFET 
DRIVEN BY A STEP GATE VOLTAGE 


Turn-On 


State 1: MOS Off, JFET Off 


IpK1 = VdRo 


State 2: MOS Active, JFET Active 


IpK2 = (VG- VT)/Ro 


State 3: MOS Active, JFET Saturated 


IpK3 = (VG - VG(sat))/Ro 


Turn-Off 


State 4: MOS Saturated, 
JFET Saturated 


IpK4=VdRo 


State 5: MOS Active, 
JFET Saturated 


IpK5= VG(sat)/Ro 


State 6: MOS Active, JFET Active 


IpK6= VG(sat)/Ro 


The equivalent circuit of Figure A-1 predicts that: 


dvoldt = -gmRLlVG - Vr)e-VT11T1 


where T1 = RoCGS + (1 + gmlgmJ)RoCx 


Note that gmRL(VG - Vr) is usually an order of magn~ude 
greater than Vdo. indicating that the drain voltage is discharging 
toward a very large negative value. The device operation, then, 
is on the early, almost linear, portion of the exponential, where 
e-VT1 approximates un~. The drain current of Figure A-2, and 
hence the drain voltage, does indeed exhibit a linear decrease 
with time. 


Thus, for state 2: 


[Voo - VDI<!ICGS + Cx(1 + gn/llmJ)] 


gmRl1PK2 


where IpK2= 01G- Vr)/Ro 


State 3: Mos Active, 
JFet Saturated 


Because of the Miller effect, the gate voltage and, hence, the 
gate current, 
is almost constant during the tail time. The 
equivalent circuit then predicts: 


dVo 
gmRllG 
--- 
= 
dl 
CGS + (1 + gmRJCx 


IG= IpK3= (VG - VG(sal»)/Ro 


and 
1= 
(VOK - Vo[salj)Cx 


IpK3 


State 4: Mos Saturated, 
JFet Saturated 
(Turn-off) 


Both equivalent-circuit 
generators are short circuits, and the 
gate drive is discharging Cx in parallel with CGSthrough Ro. 


t = Ro(CGS + Cx) In[VcJVG(sat)] 


IpK4= VdRo 
State 5: Mos Active, JFet Saturated 


The JFET current generator VxgmJ,is operative. 


[VOK - Vo[sal]lCx 


IpK5= VG(sat)/Ro 


State 6: Mos Active, JFet Active 


The Miller effect is now reduced by the activation of VGgmJ, 
and the equivalent circuit predicts: 


[Voo - VotdlCGS 
+ Cx(l + gn/gmJl] 


gmRl1PAK6 


Appendix B - Estimating Ro For Some 
Typical Gate-Drive Circuits 


Case 1: Typical Pulse-Generator 
Drive, Rgure 
B-1 
Voo 
J 


Rl 


Vo 
II~1 


r-- ----- ------ -------, 
: 
VGEN 
: 
, 
R' 
;JL(' 
: 
_ 
...1 


FIGURE 8-1. 
TYPICAL 
PULSE-GENERATOR 
DRIVE CIRCUIT 


Turn-On and Turn-Off 


Ro = RGENRGsI(RGEN+ RGs) 


For the typical case where RGEN= 50n, and a coaxial-cable 
termination of 50 ohms, Ro = 250 and VG = VGE~2. 


Case 2: Voltage-Follower 
Gate Drive, Figure B-2 


FIGURE 8·2. 
VOLTAGE·FOLLOWER 
GATE-DRIVE 
CIRCUIT 


Turn-On 


Ro is approximately 
equal to 1I9m for Rs very much 
greater than 1/9m. 


gm = transconductance of driving MOSFET transistor. 


Turn Off 


Ro= Rs 


Case 3: Common-Source Gate Drive, Figure 8-3 


~ 


Rl 


Ro 
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FIGURE 8·3_ COMMON·SOURCE 
GATE-DRIVE 
CIRCUIT 


Turn-On 


Ro 
= 
RD (drain-to-ground 
capacitance 
of 
driving 
device adds to CGSof driven MOSFET.) 


Turn Off 


Ro = RDs(on) of driVing MOSFET 


RD is very much greater than RDs(on) 


THE APPLICATION 
OF CONDUCTIVITY-MODULATED 
FIELD-EFFECT 
TRANSISTORS 


Author: Jack Wojslawowicz 


The MOSFET on-state resistance is contributed to primarily 
by three components 
of the transistor: 
the MOS channel, 


the 
neck 
region, 
and 
the 
extended 
drain 
region. 
The 
extended drain region contributes the most to the on-state 
resistance in high-voltage MOSFETs. To achieve a lower on- 
state 
resistance 
at a given 
blocking 
voltage, 
the 
usual 
technique 
is simply 
to 
make 
the 
die 
larger. 
However, 


increasing 
the 
die 
size 
has 
its 
limitations 
from 
a 
manufacturing point of view, since MOSFETs, with their very 
fine horizontal geometries, are highly defect-yield sensitive. 
As die size increases, the likelihood of a defect resulting in a 
nonfunctional 
part increases exponentially. 
This tendency, 
combined with a smaller number of parts per wafer, limits the 
availability 
of 
low-on-state-resistance, 
high-voltage 
MOS- 
FETs. 


The 
development 
of 
conductivity-modulated 
field-effect 
transistors. 
FETs, makes available to the system designer 
another solid-state 
device that can be used to implement 
power 
switching 
control. 
This 
paper 
reviews 
differences 
between 
the standard 
and the neWly developed 
FET. It 
shows 
the 
significant 
advantages 
that 
the 
conductivity- 
modulated 
FET 
has 
over 
the 
standard 
FET. 
Seve'ral 
applications 
are presented to show that this new type of 
device 
works 
well 
in 
practical 
situations. 
The 
relative 
inmaturity of the conductivity-modulated 
FET may limit its 
initial 
utilization. 
But 
as 
the 
family 
grows 
and 
product 
innovation and refinement takes place, this newest member 
of the power semiconductor 
family will become 
a viable 
alternative to the other members. 


General Considerations 


The development 
of the power field-effect 
transistor 
has 
made available to the power-stage designer an entire new 
family of power semiconductors. 
Over the past 5 to 6 years, 
the breadth of product has grown to encompass the require- 
ments of a large number of applications. A limiting factor that 
has slowed the utilization of power FETs in the high-current, 
high-voltage 
applications 
is 
the 
fact 
that 
the 
on-state 
resistance 
(ROS(ON) 
in a standard 
FET is related to its 
breakdown 
voltage (Bvoss) by a nearly cubic power, i.e., 


ROS(ON) 
~ Bvoss 2.8. What this implies, as Figure 1 shows. 
is that as the breakdown 
voltage increases, the on-state 
resistance climbs even faster. 
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FIGURE 1. SPECIFIC ON-RESISTANCE 
OF P AND N-CNANNEL 
MOSFETS 
AND 
CONDUCTIVITY-MODULATED 
FETS YS. FORWARD 
BLOCKING 
VOLTAGE. 


A change in the horizontal geometry 
of the MOSFET can 
lower the specific on-state resistance per unit area. By using 
more channel width with smaller source cells placed closer 
together. a reduction in on-state resistance can be achieved. 
A limitation on how close these cells can be placed arises 
from a possible localization of field concentrations 
that will 
limit the voltage breakdown of the structure to less than the 
theoretical 
rating 
due 
only 
to 
mpurity 
concentrations. 


Therefore, 
for a given breakdown 
voltage, there exists a 
minimum spacing of the cell structure. Generally, the higher 
the required breakdown voltage. the further apart the cells 
must be placed. 


As stated earlier, the extended drain region of the MOSFET 
generally contributes the most to the on-state resistance in 
high-voltage MOSFETs. As the required blocking voltage is 
increased, this region must be made thicker and more lightly 
doped to be able to support the desired voltage. It is this 
region's contribution to on-state resistance that the condic- 
tivity-modulated 
field-effect 
transistor 
drastically 
reduces. 


This reduction occurs as the result of the injection of minority 
carriers from the substrate and, in specific on-state resis- 
tance per unit area. is about 10 times less than in a standard 
MOSFET at the 400V BVoss level, as shown in Figure 1. 


Further 
analysis 
has 
shown 
that 
the 
specific 
on-state 
resistance may be nearly independent 
of blocking-voltage 
level. This finding implies that at a BVoss of 1000V, the 
reduction in conductivity-modulated 
FETs over the standard 
MOSFETs could be perhaps 50 to 1. These reductions in 
on-state 
resistance 
per 
unit 
area 
that 
the 
conductivity- 
modulated 
FETs can achieve present the possibility 
that 


high-voltage 
high-current 
FET-type 
devices 
can 
become 
more 
readily available 
because 
of the smaller 
die sizes 
associated with conductivity-modulated 
FETs. 


Comparison 
of Standard 
and Conductivity-Modulated 
FETs 


Standard 
and 
conductivity-modulated 
FETs 
share 
some 
characteristics, 
but 
are 
substantially 
different 
in others. 


Shown in Table 1 is a listing of the major characteristics that 
make 
the 
conductivity-modulated 
FETs 
unique 
among 
power semiconductor 
families. 
Foremost, 
it is a voltage- 
gated device; its input characteristics are similar to standard 
power MOSFETs of comparable chip size. Very little drive 
power is required at low to moderate switching frequencies. 
The device remains under the control of the gate within its 
normal operating 
conditions. 
It exhibits the normal 
linear 
mode as well as the fully saturated on-state of conventional 
power MOSFETs. When the gate voltage is removed, the 
device 
turns 
off, 
unlike 
the 
thyristor 
family 
of 
power 
semiconductors, which must be either externally or naturally 
(internally) commutated. 


TABLE 
1. CONDUCTIVITY-MODULATED 
FET 
CHARACTERISTICS 


VoltageGated 
Smallgate powerrequired.Similar 
to standardpowerMOSFET. 


TurnOff 
When gate driveis removed... 
Unlikean SCR! 


NonlinearOn-State 
Ukethat of an SCR. 


Voltagedrop 


Turn On Speed 
Fast!Comparableto a standard 
powerMOSFET. 


Turn-OffSpeed 
Slow!Comparableto a bipolar 
transistor. 


TemperatureIndependent 
Unlikethe typical2x variationof a 
On-StateVoltageDrop 
powerMOSFET. 


The on-state voltage drop or resistance characteristic of a 
conductivity-modulated 
FET is markedly different from that 
of a standard power MOSFET, and is similar to that of a 
thyristor family member, the SCA. There is an offset voltage 
component 
(typically O.6V) due to the p-n junction on the 
drain side, and a somewhat nonlinear resistive component, 
both of which are in series between the drain and source 
terminals. 
This 
series 
arrangement 
results 
in a 
highly 
nonlinear equivalent 
resistance, 
unlike the linear resistive 
characteristic of VOS(ON)of a standard FET. 


The structure of the conductivity-modulated 
FET operates 
during its turn on just as a standard FET does, hence its 
turn-on speed is very similiar to that of a standard FET. With 
its high input impedance and its short propagation delay, the 
turn-on 
transistion 
of the conductivity-modulated 
FET, as 
well as the standard power FET, is easily controlled by the 
gate driving circuit. This characterstic 
allows the designer 
the ability to control EMI and RPI generation 
easily. With 
other power semiconductors, 
it may be necessary to employ 
elaborate 
circuit 
schemes 
to 
limit 
rapidly 
rising 
in-rush 
currents. 


A significant characteristic that must be considered in power 
switching applications is that of turn-off speed. The internal 
action that makes the conductivity-modulated 
FET such a 
silicon-efficient 
device also makes it an inherently 
slower 


device during turn-off. The injection of the minority carriers 
during the on-state conduction 
of current results in these 
carriers being present at the moment of turn-off. Without any 
way of removing these carriers by external means, they must 
recombine within the structure itself before the device can 
revert to its fully off-state condition. The quantity of these 
carriers 
and 
how 
fast 
they 
can 
deplete 
themselves 
determines the turn-off switching speed of the conductivity- 
modulated 
FET. 
This 
process 
of 
recombination 
is 
considerably 
slower 
than 
the 
simple 
discontinuance 
of 
majority carrier flow by which the standard power FET turns 
off. Hence, again, the conductivity-modulated 
FET is an 


inherently slower device. Its turn-off speed lies somewhere 
between the performance 
ofathyristorand 
that of a bipolar 
transistor. 


The 
final 
characteristic 
that 
makes 
the 
conductivity- 
modulated 
FET different from a conventional 
FET is the 
variance 
of 
on-state 
voltage 
with 
temperature. 
The 
characteristic of the conductivity-modulated 
FET is similar to 
that of an SCR, varying about -O.6mVI"C. The conventional 
FET has a positive temperature 
coefficient 
such that on 
high-voltage devices the ROS(ON)will double from its 25°C 
value when the junction temperature 
reaches 150°C. The 
system designer must take this characteristic into consider- 
ation when the heat sink is being designed for the system. 


It is these similarities and differences that make the conduc- 
tivity-modulated 
FET a unique 
member 
of the family 
of 


power-semiconductor 
switching devices. Applications of this 
alternative 
power switching device invariably make use of 


one or more of its unique characteristics. 


Applications 


Automotive 
Ignition 


An application 
that can take advantage 
of the low drive- 
power capability of the conductivity-modulated 
FET is the 
electronic automotive ignition system. In Figure 2, the control 
IC takes the signal 
from the pickup 
coil located 
in the 
distributor and regulates the current through the ignition coil. 
At the proper time, the IC removes base drive from the 
bipolar transistor, which all systems currently employ as their 
coil driver. This removal of base drive allows the transistor to 
shut off which, 
in turn, causes 
a rapid decrease 
in the 
ignition-coil 
primary 
current. 
As 
the 
primary 
current 
decreases to zero, the energy stored in the field surrounding 
the 
primary 
is transferred 
to 
the 
secondary 
coil. 
The 
secondary 
coil, consisting 
of many 
more turns than the 
primary, 
transforms 
this 
energy 
into 
a 
higher 
voltage, 


resulting in a spark being generated 
in the cylinder. The 
control 
IC determines 
when this spark occurs, 
so as to 
derive usable power. With the use of a bipolar transistor, it is 
estimated 
that 
approximately 
two-thirds 
of 
the 
power 


dissipation that occurs in the control IC is the result of the 
need to be able to drive the required base current of the 
ignition output transistor. The high-impedance 
input of the 


conductivity-modulated 
FET virtually 
eliminates 
the base- 
current drive dissipation of the controllC. 


With 
improved 
silicon 
usage, 
the conductivity-modulated 
FET brings to power semiconductor 
switching devices the 
die size necessary to attain the required voltage and current- 
handling capabilities of the electronic ignition. This smaller- 
sized die makes possible smaller modules, whether they be 
hybrid or standard PC-based systems, than those currently 
implemented with bipolar-transistor technology. 


Brushless DC Motors 


Another 
emerging 
application 
that 
can 
make 
use 
of 
conductivity-modulated 
FETs 
is 
the 
emerging 
field 
of 
brush less DC motors. In this class of application, the solid- 
state devices are used to electronically switch the voltage to 
the multiplicity 
of windings that are employed. The motor 
consists of an armature that has a number of Nand S poles 
consisting of high-strength 
permanent magnets. The stator 
is 
made 
up 
of 
the 
multiplicity 
of 
windings 
that 
were 
mentioned 
above; the windings 
are spaced 
incrementally 
about the outside frame of the housing. The voltages to 
these windings 
are all electronically 
switched to create a 
rotating 
magnetic 
field. 
The 
armature 
then 
rotates 
to 
maintain 
its relative position 
within the moving magnetic 
field. The switching of the voltage on the stator windings is 
done by means of power semiconductor 
devices. A basic 
block diagram of such a system is shown in Figure 3. 


The control 
logic provides 
the proper sequence 
of drive 
signals based on the rotation direction desired, the speed 
desired, 
and 
the 
enable 
input. 
These 
requirements 
are 
combined 
with the inputs from the hall-effect 
sensors to 
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determine which power devices should be activated. Since 
the current through the stator windings must be bidirectional, 
the half-bridge or totem-pole output configuration is used to 
steer the current. This circuit implementation 
is generally 


performed 
with complementary 
devices, 
although 
single- 


polarity 
devices 
can 
be 
used 
with 
increased 
circuit 


complexity. 


In a typical 
120V off-line system, 
like the one shown in 


Figure 3, the switching devices must have a 300V to 400V 
blocking 
capability. 
For larger size motors, 
where 
larger 


currents are necessary, the use of power FETs generally 
implies 
the 
use 
of 
large 
die 
to 
achieve 
a 
low power 


dissipation 
to meet the heat-dissipation 
capability 
of the 


packaging. 
The 
conductivity-modulated 
FET, 
with 
its 


temperature-independent 
on-state-voltage-drop 
characteris- 


tic, helps this situation by keeping the dissipation lower than 
can be achieved with a standard power FET because of the 
increasing 
ROS(ON) 
characteristic 
of that device. The small 


die size of the conductivity-modulated 
FET, the result of 


better silicon 
utilization, 
again makes them the practical 


choice in motor control not only because of their electrical 
characteristics, but also because of the lower manufacturing 
cost of the die. 


As stated above, system complexity 
can be reduced with 


complementary 
devices. Although 
p-channel 
conductivity- 


modulated 
FETs 
are 
not 
yet 
commerically 
available, 


laboratory 
samples 
have 
been 
fabricated 
which 
offers 


better silicon utilization efficiency than their conventional p- 
channel counterparts. 
This statement is based on the fact 


that p-channel 
MOSFETs 
require a 2.5 times larger area 


than an n-channel device for the same 
ROS(ON)' 
The easier 


H.V. 
IGNITON 
COIL 


Rl1 
::::110011 ; 
SETFOR4 
- 
AMPERES 
INR13 


R13 
0.181 
~ 


drive requirements 
for the n-channel 
(directly driven from 
the control IC) and the simplified voltage-translation 
circuit 
for 
driving 
the 
p-channel 
devices, 
combined 
with 
the 
smaller 
die 
size 
with 
potentially 
lower 
device 
cost 
for 
comparable 
power 
handling 
capability, 
makes 
the 
conductivity-modulated 
FET a natural for the brush less DC 
motor application. 


Switching 
Power Supply 


One final application that has the potential for conductivity- 
modulated FET usage is the switching power supply. A half 
bridge configuration implementation is presented in Figure 4. 
The system shown uses astandard PWM control IC to drive 
the 
conductivity-modulated 
FETs 
through 
the 
T2 
transformer. 
The 
voltage 
drive 
characteristic 
of 
these 
devices makes the design of transformer 
T2 quite simple. 
The control IC is more lightly loaded because it does not 
have to supply 
a continuous 
base 
drive, 
as would 
be 
necessary with bipolar transistors. 


The operating frequency and the "dead time" are the limita- 
tions placed on this system when conductivity-modulated 
FETs are used. The inherent 
lower switching speeds of 
these types of devices make these limitations necessary. 
The system is currently limited to the 20kHz to 30kHz range, 
with dead times as low as 1 to 2 microseconds. This charac- 
teristic is comparable to many existing bipolar systems. 
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Improvements 
in 
switching 
speeds 
will 
occur 
as 
the 
conductivity-modulated 
FET matures. It is, however, unlikely 
that they will ever have the same 
switching 
speeds 
as 
standard power FETs. This limitation prohibits their use in 
some of the newer higher-frequency 
power supplies being 
designed now with conventional FETs. However, in higher- 
power supplies, where conventional FETs must be paralled 
to achieve a low enough 
ROS(ON) 
for good efficiency, the 
conductivity-modulated 
FET may present a viable alternative 
with its smaller die size. Although the operating frequency of 
the system may have to be compromised to use them. 


Conclusion 


The conductivity-modulated 
FET represents a progression in 
the ever-advancing state-of-the-art 
development that occurs 
in the world of solid-state devices. The unique structure of 
these 
devices 
presents 
characteristics 
that 
make 
them 
equivalent in many ways to conventional FETs but superior 
in other ways. The system designer must take into account 
these similar and dissimilar characteristics 
to properly use 
them. The capabilities of the conductivity-modulated 
FETs 
allow 
them 
to 
make 
inroads 
into 
applications 
currently 
served 
by 
bipolar 
transistors, 
and 
in 
some 
cases 
conventional 
power FETs. As the devices mature through 
innovation and product refinement, conductivity-modulated 
FETs will become vital members of the family of solid-state 
power-semiconductor 
devices. 
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THE IGBTs - A NEW HIGH CONDUCTANCE 
MOS-GATED 
DEVICE 


A new MOS gate-controlled power switch with a very low on· 
resistance is described. The fabrication process is similar to 
that of an n-channel power MOSFET but employs an n'-epi- 
taxial 
layer grown 
on a p+ substrate. 
In operation, 
the 
epitaxial region is conductivity modulated (by excess holes 
and electrons) thereby eliminating a major component of the 
on-resistance. For example, on-resistance values have been 
reduced by a factor of about 10 compared with those of 
conventional n-channel power MOSFETs of comparable size 
and voltage capability. 


Introduction 


Vertical MOSFETs have become increasingly 
important 
in 
discrete power device applications due primarily to their high 
input 
impedance, 
rapid 
switching 
times, 
and 
low 
on- 
resistance. 
However, 
the 
on-resistance 
of such 
devices 
increases with increasing drain-source voltage capability,l,3 
thereby limiting the practical value of power MOSFETs to 
applications 
below a few hundred volts. In this leller, we 
describe the fabrication and characteristics of a new vertical 
power MOSFET 
structure 
that provides 
an on-resistance 
value about 10 times smaller than that of conventional power 
MOSFETs of the same size and voltage capability. In this 
device, the conductivity 
of the epitaxial drain region of a 
conventional 
MOSFET 
is 
dramatically 
increased 
(modulated) by injected carriers; this mechanism results in a 
significant reduction in the device on-resistance and leads to 
the acronym IGBTs Unsulated Gate Bipolar Iransistor). 


This device, while similar 
in structure 
to the MOS-gated 
thyristor,4,5 is different in a fundamental 
way; it maintains 
gate control 
(doesn~ latch) over a wide range of anode 
current and voltage.6 The structure and the equivalent circuit 
for the IGBTs are shown in Figure 1(a) and (b); they are sim- 
ilar to those of an MOS-gated thyristor, except for the pres- 
ence of the shunting resistance Rs in each unit cell. The 
fabrication 
is like 
that 
of 
a 
standard 
n-channel 
power 
MOSFET except that the n"-epitaxial Si layer is grown on a 
p+ substrate instead of an n+ substrate. The heavily doped 
p+ region in the center of each unit cell, combined with the 
sintered aluminum contact shorting the n+ and p+ regions, 
provides the shunting resistance shown in Figure 1(b). This 
has the effect of lowering 
the current gain of the n-p-n 
transistor (an-p-n) so that an-p-n + ap-n-p <1. Thus latching 
is prevented and gate control is maintained within a large 
operating range of anode voltage and current6 
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In the remainder of this note we describe the operation and 
characteristics of this device. 


Device Operation 


The IGBT is a four-layer (n-p-n-p) device with an MOS-gated 
channel connecting the two n-type regions. In the normal 
mode of operation, a positive voltage is applied to the anode 
(A) relative to the cathode (K). When the gate (G) is at zero 
potential with respect to K, no anode current (iA) flows for 
anode voltage VAbelow the breakdown level VSF When VA < 
VSF and the gate voltage is larger than the threshold value 
Vgt, 
electrons 
pass into the n'-region 
(base of the p-n-p 
transistor). 
These electrons 
lower the potential of the n'- 


region, 
forward 
biasing 
the 
p+ - n' 
(substrate-epi-Iayer) 
junction, thereby causing holes to be injected from the p+ 
substrate into the n' epi-Iayer region. The excess electrons 
and holes modulate the conductivity of the high-resistivity n- 
region, which dramatically reduces the on-resistance of the 
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device. During normal operation, the shunting resistor (Rs) 
keeps the emitter current of the n-p-n transistor very low, 
which keeps an-p-n very low. However, for sufficiently large 
iA, significant emitter injection may occur in the n-p-n transis- 
tor, causing an-p-n to increase; in this case the four-layer 
device may latch, accompanied 
by loss of control by the 
MOS gate. In this event, the device may be turned off by 
lowering iA below some "holding" value, as is typical of a 
thyristor. 


Device Characterization 


Two different lots of IGBT structures, consisting of about 10 
wafers/lot, have been successfully 
prepared to date. From 
these 
wafers, 
1.5mm 
and 
3mm 
square 
devices 
were 
fabricated 
using 
a standard 
HEXFET 
geometry7 
with a 
polysilicon 
gate 
electrode 
over an 
Si02 
gate 
dielectric. 


Several hundred IGBT were mounted in standard TO-3 and 
TO-66 packages and characterized 
under DC and pulsed 
conditions, as described below. 


With zero gate bias, the forward characteristic 
of a IGBTs 
shows very low current «1nA) 
up to about 390V, where it 
breaks up sharply to much larger current levels with only a 
slight increase in voltage. If the internal junction between the 
p. 
substrate 
and the n- epitaxial ·layer had been edge- 


passivated, a similar reverse breakdown characteristic would 
be expected. The actual reverse breakdown voltage for our 
devices was about 100V because edge passivation was not 
used. 


Figure 2(a) shows the MOSFET,like transfer characteristics 
of an IGBT in the low gate-voltage region. A noteworthy fea- 
ture of the IGBT characteristic 
is the -0.7V offset, from the 
origin, of the steeply rising portion of the i(v) characteristics. 
This offset is the voltage required to forward bias the p+ - n' 
(substrate-epi-layer) junction, and is an integral characteris- 
tic of the present device. 


Figure 2(b) shows the i(v) characteristic 
of an IGBT with 
V9 = 20V, and demonstrates 
the low on-resistance 
of the 
device 
(-0.08411 
at 20A). 
The 
on-resistance 
values 
of 
nearly all of the many IGBT fabricated 
to date have been 
less than 0.111 (at 20A) for the 3mm square devices. Such 
values compare very favorably with those of conventional 
power MOS structures, 
as illustrated in Figure 3. Here, the 
open data 
points 
(and the upper 
curve) 
are from data 
sheet 
specifications 
of 
commercial 
power 
MOSFETs 
(Harris, IRC, and Motorola). The solid data points (and the 
lower curve) are those of Baliga, which he labelled "state- 
of-the-art",3 
supplemented 
with 
some 
of the 
"best" 
of 
Harris' 
commercial 
and developmental 
MOSFETs. 
Note 
that the on-resistance 
of the IGBT 
is approximately 
10 
times less than that of a 400V state-of-the-art 
MOSFET. 


Moreover, 
similarly 
low on-resistance 
values 
should 
be 
obtainable 
from 
IGBT designed 
for higher 
drain-source 
voltages. This is due to the fact that the resistance of the 
modulated 
region is determined 
by the concentrations 
and 
mobilities 
of the excess 
carriers 
(as in a p-i-n diode)8 
rather 
than 
by the 
background 
doping 
of the 
layer. In 
particular, 
the 
epi-Iayer 
doping 
and 
thickness 
of 
our 
present IGBT structures 
were designed for 600V, but VSF 
was limited to 400V by the edge design of the device. An 


improved 
edge 
design 
should 
provide 
a 
blocking 
capability 
closer to bulk breakdown, 
without 
altering 
the 
on-resistance 
of the device. This would make the IGBTs 


on-resistance 
of less than 0.111 even more attractive 
for 


high-voltage 
applications. 


VERTIDIV 


2A 


CURSOR 


HORIZIDlV 
500mV 


CURSOR 


PER 
STEP 
1V 


OFFSET 


O.OOV 


B orllmIDIV 


2S 


% OF COLLECTOR 
PEAK 
VOLTS 
16.4 
PULSE 
TEST: 
PULSE 
WIDTH = 250 ••s, DUTY CYCLE 
< 0.5% 
s.) 


VERTIDIV 
5A 


CURSOR 


HORllJDIV 
500mV 


CURSOR 


PER 
STEP 


SV 
OFFSET 


20.00V 


B orllmIDIV 
1S 


% OF COLLECTOR 
PEAK 
VOLTS 
27.8 
/ 
V, 


b.) 


FIGURE2 - (a) MOSFET- Like Characteristic 
(b) IGBT I(v) with Vg = 20V 


Transient Response Measurement 


Switching 
time measurements 
under pulsed gate-VOltage 


operation were used to characterize the transient operation 
of the device. The response 
of the anode 
current 
to a 


square-wave gate-voltage pulse is comprised of a rapid turn- 
on (Witha typical time less than 1~s) and a somewhat slower 
turn-off. We observed that the turn-off transient consists of 
an initial "fast" component, 
followed 
by a "slow" tail, as 
shown in Figure 4. 


We believe that the initial rapid decay is due to the turn-off of 
the MOS portion of the equivalent circuit, and the turn-off tail 
is due to the time required for the excess carriers in the 
epitaxial drain region to decay. In general, turn-off times in 
the range of 5~s to 20~s were observed, with the precise 
value depending on circuit conditionsand the turn:off time of 
the gate pulse. 


The n-p-n-p structure of the IGBTs is similar to that of a thy- 
ristor and can be forced to latch under sufficiently high drive 
conditions. We have observed latching currents in the range 
10A - 30A in 3mm square chips. The magnitude of the latch- 
ing current has been found to depend on both anode voltage 
and temperature, decreasing with increasing anode voltage 
or increasing temperature. 


More 
interestingly, 
the 
latching 
current 
is also 
strongly 
influenced by the gate voltage turn-off time. Slow gate turn- 
off 
(-10Jls) 
permits 
anode 
currents 
up to 
30A 
without 
latching. However, rapid gate turn-off (s 1Jls) leads to latch- 
ing at a much lower anode current level (-10A) in the same 
device. We believe that latching during rapid turn-off of the 
gate voltage is due to current being forced through the n-p-n 
transistor causing 
an-p-n 
to increase, and leading to the 
condition for latching, an-p-n + ap-n-p = 1. Slow turn-off of 
the gate voltage prevents this, since the induced channel 
turns off slowly and partially shunts the n-p-n transistor; the 
small current through this transistor keeps an-p-n sufficiently 
low to avoid latching. 
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FIGURE 3. SPECIFIC ON-RESISTANCE 
VI. DRAIN-SOURCE 
VOLTAGE 
CAPABILITY 
FOR STATE-OF-THE-ART 
POWER MOSFETS AND THE IGBTs 
Summary 


A new MOS-gate-controlled 
power device, the IGBTs, has 
been described. The device has the desirable feature of a 
very low on-resistance 
similar to that of a thyristor, but is 
capable of maintaining gate control of the anode current over 
a wide range of operating conditions. The low on- resistance 
is due to conductivity 
modulation 
of the n epitaxial 
layer 
equivalent to the extended drain in a power MOSFET; this 
carries with it the penalty of slow switching compared with 
that of a conventional power MOSFET. 
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IMPROVED 
IGBTs WITH FAST SWITCHING 
SPEED 
AND HIGH-CURRENT 
CAPABILITY 


Conventional 
vertical power MOSFETs are limited at high 
voltages (>500V) by the appreciable resistance of their epi- 
taxial drain region. In a new MOS-gate controlled 
device 
called a IGBT, this limitation is overcome by modulating the 
conductivity 
of the resistive drain region. thereby reducing 
the on-resistance 
of the device by a factor of at least 10. 


However. the device previously described is slow in turnoff, 
having a fall time in the range 8 to 40IlS. The purpose of our 
present work has been to reduce the fall time significantly 
and to increase the latching current level of the IGBTs, while 
retaining its desirable features. By modification of the epitax- 
ial structure and addition of recombination centers, we have 
achieved fall times as low as O.llls and latching currents as 
high as 50A, while retaining on-resistance values <0.20 for 
a 0.09cm2 
chip area. The techniques used for the introduc- 
tion of recombination 
centers include electron, gamma-ray, 
and neutron irradiation, as well as heavy metal doping. For a 
series of IGBTss (With forward-blocking 
voltage capabilities 
of 40Q-600V), the fall time can be reduced by more than one 
order of magnitUde 
with a penalty 
of less than a 20% 
increase in on-resistance. 


Vertical MOSFETs have become increasingly 
important in 
discrete power device applications due primarily to their high 
input impedance, 
rapid switching times and low on-resis- 
tance. However, the on-resistance of such devices increases 
with increasing 
drain-source· voltage capability,'-3 
thereby 
limiting the practical value of power MOSFETs to applica- 
tions below a few hundred volts. This limitation has been 
effectively overcome 
by the development 
of a new MOS 
power device in which the conductivity of the n-type epitaxial 
drain region is greatly increased (modulated) by the injection 
of minority carriers from a p-type substrate. We have called 
this device a COMFET-an acronym for Wnductivity 
Modu- 


lated Eield Effect 
Iransistor;4 
the device has also been 
called an IGBT or insulated Gate Bipolar Iransistor. 


The devices, as originally described, had most of the advan- 
tages of conventional 
power MOSFETs; 
in addition, they 
exhibited more than an order-of-magnitude 
reduction in high 


current on-resistance values. permitting improved utilization 
of silicon chip area. However, they also had two disadvan- 
tages: 


When a IGBT is turned off, the injected minority carriers that 
remain in the ep~axial drain region decay by recombination ~ 
major~y carriers at a rate determined by the minority-carrier life- 
time, t. Large values of t resu~ed in anodErCurrentfall time, tF, in 
the range 8-40 ms. 4,5 


The maximum operating current is limited by latchup of the para- 
s~icthyristorthat is inherent in the device structure. Typical latch- 
ing current levels of Il,::: lOA were observed in 0.09cm2 area 
devices when the gate vo~age was turned off rapidly «lms); 
for 


slower gate vo~age turnoff (-1 Oms), Il values as high as -30A 
were observed. 


The purpose of the present work has been to reduce tF and to 
increase Il while retaining the desirable features of the device. 
By modifying the epitaxial structure and adding recombination 
centers to the ep~axial drain region, we have achieved tF values 
as low as lOOns and Il values as high as 50A w~h rapid gate 
vo~ageturnoff. 


Modified Structure 


A schematic diagram of the originallGBT strueture4 is shown in 
Figure 1(a), and the equivalent circuit is shown in Figure 1(b); 
they are similar to those of an MOS-gated thyristor except for 
the presence of the shunting resistance Rs in each unit cell. 
The fabrication is like that of a standard n-channel power MOS- 
FET, except that the n--epitaxial layer is grown on a Pi- sub- 
strate instead of an n+ substrate. The heavily doped Pi- region 
in the center of each unit cell, combined w~h the aluminum con- 
tact shorting the n+ and Pi- regions, provides the shunting resis- 
tance RS. This has the effect of lowering the current gain of the 
n-pontransistor in the equivalent circuit so that anpn + apnp <1, 
thereby preventing latching over a large operating range of 
anode voltage VA and anode current iA. However, for suffi- 
ciently large iA, emitter injection in the n-pon transistor will 
increase. accompanied by an increase in anpn. When anpn + 
apnp increases to 1. the four-layer device will latch; the level of 
iA at which this occurs is the latching current level, IL. Thus. ~ 


can be seen that a structure modification that lowers apnp will 
allow a greater range of iA (and anpn) w~houllatching; that is. a 
reduction in apnp corresponds to an increase in IL. 


The modified structure shown in Figure 1(c) differs from that in 
Figure 1(a) by the addition of a thin (-lOmm) layer of n+ silicon 
in the ep~axial structure between the n- region and the p+ sub- 
strate. This n+ layer lowers the emitter injection efficiency of the 
p-n-p transistor in the equivalent circu~, and resu~s in an 
increase in IL by a factor of 2 to 3. In add~ion, there is also a 
reduction in tF. 


These results are illustrated in Figure 2, in which tF' is plotted 
versus iA for each device structure. It should be noted that 
IGBTss with the modified structure can block high voltage 
only in the forward voltage direction since the emitter junc- 
tion (p+ - n+) of the p-n-p transistor breaks down at a low 
level when the polarity of the applied voltage is reversed. 
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FIGURE 1. (a) SCHEMATIC 
DIAGRAM OF ORIGINAL 
IGBTs 
STRUCTURE. 
(b) 
EQUIVALENT 
CIRCUIT 
(e) SCHEMATIC 
DIAGRAM 
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FIGURE 2. ANODE-CURRENT 
FALL TIME tF VERSES ANODE 
CURRENT 
FOR 
ORIGINAL 
STRUCTURE 
AND 
MODIFIED STRUCTURE. 


We have used a variety of techniques to add recombination 
centers 
to 
IGBTss; 
these 
include 
high 
energy 
electron, 
gamma ray, and fast neutron irradiation, as well as heavy 
metal 
doping. 
The 
irradiations 
were 
carried 
out 
after 
completion of all of the high-temperature 
processing steps, 
but in each case an additional heat treatment was necessary 
to stabilize the devices by annealing out gate oxide charge, 
as well as those radiation 
induced defects 
in the silicon 
(recombination 
centers) 
that would 
otherwise 
anneal 
out 
slowly at the device operating temperature? 
Typical values 
of tF of the order of l11Sor less were achievable using any of 
the techniques. 
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FIGURE 3. ANODE-eURRENT 
FALL TIME tF VERSUS ANODE 
CURRENT FOR AN AS-FABRICATED 
DEVICE AND 
AFTER 
14MeV 
NEUTRON 
IRRADIATION 
(1013n{ 
em2) FOLLOWED 
BY ANNEALING 
AT +300"C. 


An example of the variation of tF' with iA (1) as fabricated and 
(2) after irradiation with 14MeV neutrons and annealin~ is 
shown in Figure 3. Here, the neutron fluence was -10 
3nl 
cm2; this was followed by annealing at +300oC. Note thattF' 
has not only been drastically reduced, but is virtually con- 
stant at -0.611S;i.e., almost independent of iA• 


zo 
i=~ 
ee •..• 
~o 
~z 
a.. 
ee 


Application 
Note 8603 


TOP: ANODE CURRENT, 
SAIDIV 
BOTTOM: 
GATE VOLTAGE, 20VIDIV 
Sv.sJDIV 


ANODE CURRENT 
ON 
EXPANDED TIME SCALE 
SAIDIV 


l00nslDlV 


tFALL - 160ns 


It is possible to lower If, still further by appropriate irradiation 
and 
annealing 
or 
by 
heavy 
metal 
doping 
procedures, 
although this is not necessarily desirable for reasons that are 
discussed 
below. The smallest values of tf', that we have 
obtained for fully stabilized 
IGBT is in the range lOOns to 
200ns. This is illustrated in Figure 4. 


The reduction in minority carrier lifetime that allows faster 
switching also carries with it a penalty higher forward voltage 
drop when the device is turned on; i.e., higher on-resistance. 
Since, in the forward conduction 
of an IGBT, current and 
voltage are not linearly related, it is necessary to specify a 
current level at which to compare on-resistance 
values of 
different devices. In Figure 5 we plot the on-resistance (at iA 
= 20A) of a series of devices with 0.09cm2 chip area against 
their tf', values after irradiation and annealing. All tf', values 
shown were obtained at iA = 5A; for the devices with short 
switching times, tf', is virtually 
independent 
of iA• Clearly, 
there is a trade-off involved, and the optimum choice of a 
value for tf', and the corresponding 
on-resistance value will 
depend, 
to 
some 
extent, 
on 
the 
intended 
application. 


However, 
even 
for the 
shortest 
switching 
times 
shown 
(lOOns), the on-resistance value of 0.20 is approximately an 
order-of-magnitude 
less 
than 
that 
of 
comparably 
sized 
n-channel MOSFETs. 
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FIGURE 5. ON-RESISTANCE 
VS. ANODE-eURRENT 
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tF FOR A SERIES OF IGBTsS AFTER VARIOUS IR- 
RADIATION AND ANNEAUNG 
TREATMENTS 


Temperature 
Dependence 
Of T" And II 


All of the device performance data presented thus far have 
been 
measured 
at 
room 
temperature. 
However, 
power 
devices are often operated at elevated temperatures, and it 
is important to determine how their performance varies with 
temperature. In Figure 6 the variation of tF and IL for a device 
that has been irradiated and annealed is plotted versus tem- 
perature in the range +250C to +150oC. This behavior is typ- 
ical of all of the devices we have tested; i.e., tf increases and 
IL decreases with increasing temperature, both by a factor of 
between 2 and 3 in the interval +250C to +150°C. 
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FIGURE 6. VARIATION OF ANODE-eURRENT 
FALL TIME ~ 
AND LATCHING CURRENT IL WITH TEMPERATURE 


By modification of the epitaxial structure of the IGBT and the 
addition of recombination centers, we have achieved anode- 
current fall times as low as 100ns in IGBT with latching 
currents as high as 50A for a 0.09cm2 chip area. We have 


described the trade-off between on-resistance 
and anode- 


current 
fall 
time 
that 
may 
be 
obtained, 
and 
have 
demonstrated 
the variation of anode-current 
fall time and 
latching current with operating temperature. 
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SPICING-UP 
SPICE II SOFTWARE 
FOR 
POWER MOSFET MODELING 


The SPICE II simulation software package is familiar to most 
designers 
working 
in computer-aided 
design of integrated 
circuits. Developed by L. W. Nagel in 1973, SPICE II has 
become a widely available. well-understood 
design tool for 
IC modeling and analysis. But, SPICE II has a shortcoming: 
its standard simulation programs were developed when all 
MOSFETs were low-power devices. Power MOS devices are 
growing 
in use today. both as discrete 
components 
and, 
potentially, as output stages of power integrated circuits. 
SPICE II in its current form doesn't recognize these new 
developments. Its built-in FET models aren't able to simulate 
all the modes of new power MOS device operation. 
For 
example. 
SPICE 
II doesn't 
recognize 
the way a power 
MOSFET's 
internal 
capacitances 
change 
with 
bias 
conditions, 
the presence of a cascode JFET that compli- 
cates both static and dynamic operation, or the presence of 
a parasitic 
body diode that affects operation 
in the third 
quadrant. 
Without 
this 
information, 
SPICE 
II will predict 
power MOSFET performance that is incorrect. 


Since SPICE 
II's internal 
device 
models 
can't be easily 
changed 
for all 
existing 
copies, 
we 
looked 
for another 
approach to update the capabilities of this widely used simu- 
lation package in its standard form. Adding a "subcircuit" of 
external components that complement the devices within the 
SPICE II software, so as to form a true, equivalent circuit of a 
power MOSFET, is the answer. 


The subcircuit 
works 
nicely 
with the standard 
SPICE 
II 
software, providing a model with all the terminal characteris. 
tics of a power MOSFET. Parameters of the subcircuit model 
can be determined from simple terminal measurements or 
from standard data sheets, using the algorithmic and empiri- 
cal approach described below. Once these parameters are 
in place, SPICE II can be used to accurately simulate either 
p-channel or n-channel power MOSFET devices over a wide 
range of currents and voltages. The subcircuit functions as 
an embedded subroutine. so it can be used repetitively for 
any number of power MOSFETs in a design. This technique 
can be used to model power MOSFETs with any version of 
the SPICE II program presently available. without any modifi- 
cations to its internal source code. The technique can also 
be used with other commercially available or in-house-devel- 
oped circuit simulators. 


Modeling 
The Power MOSFET 


A cross-sectional 
view of a cell of a Harris IRF130 power 
MOSFET is shown in Figure 1. The easiest way to under- 


stand its electrical characteristics is to think of it as a vertical 
JFET, driven in cascode from a low-voltage 
lateral MOS· 
FET.1, 2 When the gate is positively biased with respect to 
the n-bulk, 
an accumulation 
layer forms 
in the n-region 
beneath the gate. This layer acts as the drain of the lateral 
MOSFET, as well as the source of the vertical JFET. The 
JFET channel is then-region between the two p-type body 
diffusions, which act as the gate of the JFET. The JFET drain 
is the n+ bulk, usually thought of as the power MOSFET 
drain. 


____ 
/ 
SOURCE 
METAL 
~ 


POLY GATE 
GATE OXIDE 


~ 


.# 
'. "~:;.w<OV 
\.;;.........•......... 


••••• 
10V~ 
:......... 
~~lEnON 
40V 
·····M~ER f 
..........• 


n+ DRAIN 
• 


FIGURE 1. 
A CROSS-SECTIONAL 
VIEW SHOWS THE PHYSI. 
CAL MAKEUP 
OF THE LATERAL 
LOW·VOLTAGE 
MOSFET AND VERTICAL 
JFET THAT OPERATE 
IN 
CASCODE 
AS THE POWER MOSFET. 


When you look at the power MOSFET this way, it becomes 
possible to use the standard SPICE II built-in device models, 
because SPICE II can simulate both the vertical JFET and 
the lateral MOSFET. When we use the subcircuit to add the 
rest of the Harris IRF130 power MOSFET to these SPICE 11- 
simulated devices, we get a satisfactory 
equivalent circuit, 
shown in Figure 2. 


The gate-te-source capacitance of the Harris JRF130 power 
MOSFET is represented by C21• It is really a composite of 
two capacitances. The first is formed between the polysilicon 
gate and source metal (with the thick oxide as a dielectric). 
The second is formed between the gate and the n+ source 
(with the thin oxide acting as the dielectric). The value of C21 
is essentially unchanged by voltage or current. 


Capacitor C24 is formed between the power MOSFET gate 
and the accumulation 
layer, with the thin gate oxide as a 
dielectric. So long as the gate is positive with respect to the 
n-neck region, the accumulation layer exists and C24 doesn't 


change. But, if the external drain voltage (less their voltage 
drop across then-drift region) approaches the gate voltage, 
the 
accumulation 
layer 
starts 
to 
disappear. 
When 
that 
happens, C24 abruptly drops in value. This sudden change 
has to be taken into consideration. 
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FIGURE 2. THE EQUIVALENT 
CIRCUIT OF THE POWER MOS- 
FET IS MADE BY COMBINING 
SPICE II MODEL EL- 
EMENTS 
WITH 
SOFTWARE 
SPECIFIED 
COMPONENTS 
ON A "SUBCIRCUIT." 


Capacitor C23 represents the gate-to-drain 
capacitance 
of 
the Harris IRF130 power MOSFET. Because the accumula- 
tion layer normally acts as an electrostatic shield, C23 has no 
significance 
until 
the 
layer 
ceases 
to 
exist 
under 
the 
conditions just described. When it does disappear, the effect 
upon 
C23 
is 
abrupt, 
and 
also 
has 
to 
be 
taken 
into 
consideration. The sudden changes in C24 and C23 cannot 
be easily modeled with the standard SPICE II software. 


Figure 2 illustrates what happens: If the JFET source voltage 
(node 4) is very low compared to its pinch-off voltage, the 
JFET will be highly conductive, tightly coupling C24 to the 
JFET drain (which is also the drain of the Harris IRF130 
power 
MOSFET). 
However, 
as 
the 
node 
4 
voltage 
approaches 
the pinch-off voltage (VpINCH)of the JFET, it 
operates in a constant-current 
mode. This action decouples 
C24 from the JFET drain, making possible a much faster 
slew-rate, 
determined 
by C23. 
If the 
node 4 voltage 
is 
allowed to exceed VPINCHof the JFET, errors will exist in the 
output waveforms predicted by the standard SPICE II model. 


To correct the situation, the added subcircuit includes a cur- 
rent-controlled 
current 
source, 
FDSCHRG'and 
a current- 
sense network containing 
D1. If node 4 voltage begins to 
exceed VplNCHof the JFET, D1 conducts, and its current is 
sensed at VMEAS'The high-gain current source FDSCHRGis 
turned-on rapidly and partially discharges C24, pinning node 
4 voltage at the pinch-off voltage of the JFET. In setting up 
the parameters of the subcircuit, the ideality factor of D1 is 
set at 0.03 to assure that node 4 voltage will never exceed 


VplNCHof the JFET by more than a few millivolts. This condi- 
tion results in waveform predictions from the SPICE II model 
that represent the true characteristics of the power MOSFET. 


The body diode (DOODYin Figure 2) is formed by the drain- 
to-body diffusion 
pn junction 
of the Harris IRF130 power 
MOSFET. DOODYis added as an external component in the 
subcircuit 
because the built-in gate-to-drain 
diode of the 
SPICE II JFET model is inconvenient when it comes to mod- 
eling third-quadrant 
conduction 
of a power MOSFET. We 
want most of the third-quadrant current to flow in DOODY.So, 
we effectively delete the SPICE II model's built-in diode by 
setting its saturation current parameter to an artificially low 
value, such as 10-20 ampere. 


To round-out the subcircuit, a resistor value is chosen for the 
JFET drain of the SPICE II model to represent the series 
resistance of the n-drain region of the Harris IRF130 power 
MOSFET.3 We also add resistor RSOURCEto represent the 
series 
source 
resistance 
of 
the 
Harris 
IRF130 
power 


MOSFET: 
a composite 
of resistances 
in the n+ source 
region, 
contact 
resistance, 
and 
source-metal 
series 
resistance. Finally, we add inductor LSOURCEto represent 
the source inductance of the power MOSFET contributed by 
the source metallization and bond wires. 


Choosing 
Parameters 
to Simulate 
A Power 
MOSFET 


To accurately 
simulate the terminal 
characteristics 
of the 


physical power MOSFET you are working with, you will need 
to 
adjust 
the 
SPICE 
II 
model 
parameters 
and 
select 


subcircuit component values. Look first at adjustment of the 
SPICE II model. The static current-voltage characteristics of 
the 
power 
MOSFET 
are determined 
by the 
low-voltage 
lateral MOSFET included in the SPICE II model; Figure 2. In 
saturation (large values of VDS),the lateral MOSFET device 
is modeled according to the following equation: 


(Kp)W (VGS - VTO)2 


2L 


where 


Kp 
ProcessTransconductanceParameter 


VTO 
ThresholdVoltage 


W 
L = 111m(FixedInThis Note ForConvenience) 


IDS 
MOSFETDrainCurrent 


VGS 
MOSFETGate-To-SourceVoltage 


Continuing 
with the example 
device, 
the 
Harris 
IRF130 
power MOSFET, a plot of the square root of IDSversus gate 
voltage (VGs) provides the curves shown in Figure 3 for VDS 
= 10 volts. These curves provide the process transconduc- 
tance 
parameter, 
(KP/2)0.5, 
and 
threshold 
voltage, 
VTO 
directly. This data can then be used to find the value of 
source resistance, RSOURCE.This series resistance is impor- 
tant because it causes the curve produced by plotting the 
square root of IDSversus VGSto depart from linearity at high 
current levels. Departure at very low current levels is caused 
by subthreshold conduction, which we ignore in this model. 
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To find the JFET drain resistance, 
we use the value of 
source resistance, RSOURCE'and plots of 'os versus Vos for 
operation in the linear region, as shown in Figure 4. 


To find the current, resistance and capacitance parameters 
of the body diode (Dsooy in Figure 2), first plot log IDSversus 
Vos, as shown in Figure 5. holding the gate voltage, Vas, 
negative for third-quadrant operation; i.e., where Vos is less 
than O. This plot gives the saturation current and resistance 
of DSOoy.The minority-carrier 
transit-time parameter (TT) of 
the SPICE II program is chosen to provide the best fit to 
measured 
transient 
reverse-recovery 
data. 
The 
junction 
capacitance value of Dsooy is equal to the power MOSFET 
device output capacitance. 
Coss. at zero volts. This value 
can be obtained from the device data sheet, or by bridge 
measurement. It is usually specified at 25 volts, and may be 
converted to zero volts by multiplying by 6. 


Vos> VGS 


(SATURATED 
REGIME) 


I 
5.0 
Vas (V) 


FIGURE 3. THIS PLOT OF THE SQUARE 
ROOT OF DRAIN 
CURRENT 
vs. 
GATE 
VOLTAGE 
DEFINES 
THE 
THRESHOLD 
VOLTAGE. 
VlO• 
(KP/2)o.5. 
AND 
Roource• FOR THE POWER MOSFET. 


Vos(V) 


FIGURE 4. DRAIN CURRENT 
vs. DRAIN VOLTAGE 
OF THE 
POWER 
MOSFET 
PLOTTED 
USING 
CONSTANT 
GATE VOLTAGES. 
THIS CURVE DEFINES THE ON 
RESISTANCE 
OF THE DEVICE. 


.'.'.'.' 
•••• 
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FIGU RE 5. THIS PLOT OF LOG 10VS Vos IN THIRD-QUADRANT 
OPERATION 
OF THE POWER MOSFET DEFINES Is 
AND Rs• OF THE PARASITIC 
BODY DIODE. Dsoov. 


To properly simulate avalanche breakdown voltage with the 
added clamp circuit (diode DSREAKand voltage source Vb,eak 
in Figure 2), first set the voltage level of VSREAKequal to the 
measured value of drain breakdown voltage. Then. adjust the 
SPICE II model parameters Is, N, and Rs for Dbreakto obtain 
the best fit to the measured breakdown voltage curve. 


Selection of capacitors C21, C23, and C24, and the parame- 
ters of the JFET (all shown in Figure 2), can be made using 
the curves of Figure 6. This is a plot of drain and gate volt- 
age versus time for a power MOSFET driven with constant 


RllRAIN = Bvoss/loc 
la=lmA 


TEST 
CIRCUIT 


(SEE REF. 1) 
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FIGURE 6. PLOTTING 
DRAIN AND GATE VOLTAGES 
OF THE 
POWER MOSFT VS TIME DETERMINES 
THE VAL- 
UES OF C21• C23• C24• AND Vplneh' 


gate 
current 
(IG)" 
The 
initial 
slope 
of the VGS curve 
defines 
C21 
(since 
for 
any 
value 
of 
gate 
voltage, 
VGs• 
less 
than 
threshold 
voltage, 
VTO' the power 
MOSFET 
is in its off-state, 


so that the gate-ta-source 
capacitance. 
C21, charges 
linearly 
under 
constant-current 
conditions). 
As VTO is reached. 
the 


low-voltage 
lateral 
MOSFET 
(Figure 
2) 
turns 
on. 
and 
its 
drain 
voltage 
drops 
toward 
its minimum 
value. 


At the 
outset. 
the 
JFET 
is operating 
beyond 
pinch-off, 
and 
the slope 
of the Vos-versus-time 
curve 
is controlled 
by C23. 


However, 
when 
the 
drain 
voltage 
falls 
below 
VPINCH, the 
JFET 
conducts. 
strongly 
coupling 
C24 to the JFET 
drain 
and 
greatly 
reducing 
the drain 
voltage 
slew 
rate. Thus, 
the value 
of C23 can be approximated 
from 
the steep 
slope 
of the VDS 


curve 
in Figure 
6. 
while 
the 
value 
of 
C21+C23+C24 
corre- 
sponds 
to 
the 
labelled 
VGS slope. 
These 
values 
can 
be 
adjusted 
slightly 
to 
give 
the 
best 
slope 
fil. 
A trial 
value 
of 


VplNCH (and VTO) is given 
by the labelled 
intercept 
of the Vos 
curve. 
Adjustments 
of this value 
will control 
the length 
of the 


gate 
plateau 
voltage 
needed 
to complete 
the curve 
fil. 


Table 
I lists the preferred 
algorithm 
for parameter 
extraction; 


Table 
II summarizes 
the required 
empirical 
inputs. 
Together, 
these 
tables 
will aid in setting 
up the parameters 
for evalua- 
tion 
of a power 
MOSFET 
with 
SPICE 
II and 
the 
subcircuil. 


As an example, 
Table 3 summarizes 
the input 
parameters 
for 


the SPICE 
II model 
and subcircuit, 
determined 
for the Harris 
IRF130 
power 
MOSFET, 
using 
the approach 
just 
described. 


The IRF130 
is rated 
at 14 amperes 
and has a 100-volt 
block- 
ing capability. 


TABLE 
1. 
PREFERRED 
ALGORITHM 
FOR PARAMETER 
EXTRACTION 


1. 
Determine Kp of lateral MOS 


2. 
Determine VTO of lateral MOS 


3. 
Determine C2, 


4. 
Determine C21 + C23 + C24 


5. 
Determine Rsource and JFET drain resistance 


6. 
Assign beta of JFET = 100 x Kp of lateral MOS 


7. 
Use trial VPINCH 


8. 
Use trial C23 and calculate C24 


9. 
Curve lit for slope by repeating step 8 with dillerent values 
ofC23· 


10. 
Adjust VplNCHand VTO of JFET to fix gate-voltage 
plateau 


MOSFET 
Enhancement 
mode:W = L = 1~m; Kp (Figure 3); 
VTO (Figure 3); C's = 0; Tox = 1E6~m 


JFET 
Depletion mode; area factor = 1; Beta = 100Kp 
(Figure 3); VTO = -Vpinch(Figure 6); C's = diode 
lifetime = 0; diode ideality factor = 1.0; Is = 1E - 20; 
Ro (Figure 4) 


DOODY 
Is from Figure 5; Ideality Factor = 1.0; Rs from 
Figure 5 (must be very much smaller than Ro); 
C (from Coss); lifetime = best lit to TRR 


DSREAK 
Is = arbitrary; C = lifetime = 0; ideality factor = best 
low-current fit; R = best high-current 
fit 


01 
Is = 1E - 13; C = lifetime = 0; ideality factor = 0.03; 
Rs= 1 


RSOURCE 
Figure 3 


LSOURCE 
Approx. (5L)ln(4Ud) 
nH; Land d are source wire 
inches 


VPINCH 
Figure 6 


VSREAK 
Avalanche voltage 


C21 
Figure 6 


C23 
Figure 6 


C24 
Figure 6 


SPICE PARAMETER 
HARRIS IRF130 VALUE 


LATERALMOS 


Model Level 
1 


Tox 
1E06~ 


VTO 
3.4V 


Kp 
6.4AN2 


W,L 
1.0~ 


VERTICAL JFET 


JMODArea 
1 


VTO 
-6.4V 


Beta 
640 


Is 
10-20 


Ro 
42.15 x 10-3n 


DOODY 


CJO 
1650pF 


IT 
70 x 10'9 


Is 
3 X 10.,2 


Rs 
2.5 x lO,3n 


PASSIVE ELEMENTS 


C21 
900pF 


C23 
40pF 


C24 
1360pF 


RSOURCE 
17.5 x IO,3n 


LSOURCE 
7.5 x 1O-9H 


VBREAK 
117V 


Table 
IV 
is the 
input 
listing 
for 
the 
implementation 
of 
the 


power 
MOSFET 
subcircuit 
in SPICE 
II software. 
Nodes 
are 


identified 
for drain, 
gate, 
and 
source 
of the power 
MOSFET. 


The 
subcircuit 
then 
'hooks' 
to 
these 
nodes 
wherever 
specified 
in the 
SPICE 
II simulation, 
Any 
number 
of power 


MOSFETs 
can be specified. 
The parameters 
listed 
are for an 
IRF130 
power 
MOSFET. 


power MOSFET. Once again. the predicted performance of 
the enhanced SPICE II model fits actual measurements sat- 
isfactorily 
over the entire 
operating 
range 
of the 
Harris 


IRFI30. as shown in Figures 9 and 10. 


To compare calculated switching performance versus actual 
measurement on the Harris IRF130, we used the enhanced 
SPICE 
II model to generate 
switching 
curves. 
Figurell 


shows drain and gate voltages versus time with a constant 
gate-current drive. Figure 12 shows drain and gate voltages 
versus time for a step gate-voltage input. Actual measured 
data was then taken and overlaid on the points predicted by 
the enhanced SPICE II model. Again, the fit was accurate in 
each case. 


The real test oftheenhanced 
SPICE II model is how closely 
its predicted performance 
compares 
with actual measure- 
ments. Using the input parameters 
for the Harris IRF130 
device example given in Table III. we calculated transfer and 
output curves for the model. These curves were then com- 
pared against measured static data. Figures 7 and 8 show 
the precise fit between predicted and measured static data. 
even at low values of drain voltage. 


To see how the model performs in dynamic prediction, we 
simulated 
first-quadrant 
operation 
(including 
avalanche 
mode) and third-quadrant 
operation for the Harris IRF130 


TABLE 
4 - INPUT LISTING OF SUBCIRCUIT 
MODEL 
Listed Parameters Valid for a Harris IRFI30 Power MOSFET 


• THIS IS THE POWER MOS SUBCIRCUIT 
• NODE 3 IS THE POWERMOS DRAIN 


• NODE 2 IS THE POWERMOS GATE 


• NODE 11 IS THE POWERMOS SOURCE 


.OPTIONS NOMOD NOLIST NOACCT NONODE L1MPTS=250 GMIN=1.0E-20 
.SUBCKT POWMOS 32 11 


.C21 21 900P 
.C23 2 340P 


.C24 2 4 1360P 
.FDSCHRG 4 2 VMEAS 1.0 


.MOSl 42 11 MOSMOD L=l U W=l U 


.JFET 3 1 4 JMOD AREA=l 


.DBODY 1 3 DMOD2 
.RSOURCE 1 10 17.5E-03 


.LSOURCE 10 11 7.5N 
.E41511411.0 


.D156DMOD 
.VPINCH 6 8 DC 6.4 


.VMEAS 8 11 DC 0.0 


.DBREAK 3 7 DMOD3 


.VBREAK 71 DC 117 


.MODEL MOSMOD NMOS VTO=3.4 KP=6.40 TOX=1.0E+06U 


.MODEL JMOD NJF VTO=-6.4 BETA=640 IS=1.0E-20 RD=42.5E-03 


.MODEL DMOD 0 IS=1.0E-13 N=0.03 RS=1.0 


.MODEL DMOD2 0 CJO=1650P TT=70N IS=3.0E-12 RS=2.5E-03 


.MODEL DMOD3 0 IS=1E-13 RS=2.0 N=1.0 
.ENDS 


Application 
Note 8610 
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FIGURE 7. MEASURED 
SQUARE 
ROOT OF DRAIN CURRENT 
(DRAIN VOLTS = 10) V8. GATE VOLTAGE 
FOR THE 
HARRIS 
IRF130 
POWER 
MOSFET 
IS PLOTTED 
ALONG 
WITH 
THE 
CALCULATED 
VALUES 
FOR 
THE 
ENHANCED 
SPICE 
II MODEL. 
AN 
EXCEL· 


LENT FIT IS OBTAINED. 
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FIGURE 9. FIRST QUADRANT 
DRAIN CURRENT vs. DRAIN 
VOLTAGE 
WITH VGSHELD CONSTANT 
IS CALCU· 
LATED 
BY THE ENHANCED 
SPICE II MODEL 
OF 
THE 
HARRIS 
IRF130 
POWER 
MOSFET. 
NOTE 
THAT 
THE 
MODEL 
PREDICTS 
AVALANCHE 
BREAKDOWN. 
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FIGURE 8. PLOTS OF DRAIN CURRENTv8. 
DRAIN VOLTAGE 
FOR THE HARRIS IRF130 POWER MOSFET SHOW 
AN EXCELLENT 
FIT BETWEEN 
MEASURED 
VAL· 
UES 
AND 
THOSE 
CALCULATED 
BY 
THE 
EN· 
HANCED SPICE II MODEL FOR VARIOUS 
VALUES 
OF CONSTANT 
GATE VOLTAGE. 
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FIGURE 10. THIRD-QUADRANT 
OPERATION 
OF THE HARRIS 
IRF130 
SHOWS 
AGREEMENT 
BETWEEN 
THE 
PREDICTED VALUES OF THE ENHANCED 
SPICE II 
MODEL 
AND 
ACTUAL 
MEASURED 
VALUED 
OF 
DRAIN CURRENT vs DRAIN VOLTAGE 
AT DIFFER· 


ENT VALUED 
OF CONSTANT 
GATE VOLTAGE. 
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FIGURE 11. THESE PLOTS OF DRAIN AND GATE VOLTAGESvs. 
TIME FOR CONSTANT 
GATE CURRENT 
SHOW AGREEMENT 
BETWEEN 
THE PREDICTIONS 
OF THE ENHANCED 
SPICE II MODEL (a) AND MEASURED 
PERFORMANCE 
OF THE 
HARRIS IRF130 POWER MOSFET (b). 
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FIGURE 12. SWITCHING 
PERFORMANCE 
OFTHE 
HARRIS IRF130 POWER MOSFET IS CLOSELY 
PREDICTED 
BY THE ENHANCED 


SPICE II MODEL 
IN THIS PLOT OF MEASURED 
AND CALCULATED 
VALUES 
OF DRAIN AND GATE VOLTAGES 
vs. 


TIME IN A STANDARD 
SWITCHING 
CIRCUIT. 
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FIGURE 13. THE CALCULATED 
THIRD-QUADRANT 
DIODE RECOVERY WAVEFORM 
OF THE ENHANCE SPICE II MODEL SHOWS 
GOOD AGREEMENT 
WITH THAT ACTUALLY 
MEASURED 
FOR THE HARRIS IRF130 POWER MOSFET 


Finally, the enhanced 
model was used to compare calcu- 
lated and measured body diode (DsoDY 
in Figure 2) recovery 
time curves in third-quadrant 
operation of the Harris power 
MOSFET. Figure 
13 shows the good agreement 
between 
predicted and actual results. 


This approach 
provides excellent 
results when there is a 
need to model the performance 
of a power MOSFET. Not 
only will the approach 
update 
SPICE 
II (or other circuit 
simulation CAD program) so that it will simulate the latest 
state-of-the-art 
in MOS power, but it will allow quick analysis 
of every static and dynamic characteristic for suitability in a 
proposed design. 
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Harris Intelligent Power Products 


SP600 AND SP601 AN HVIC MOSFETIIGT 
DRIVER FOR 
HALF-BRIDGE 
TOPOLOGIES 


The interfacing of low-level logic to power half-bridge config- 
urations can be accomplished 
by an 500Voc intelligent IC. 
the SP600 series driver. which is designed for up to 230VAC 
line rectified operation. The primary function of the high volt- 
age integrated 
circuit 
(HVIC) 
is to drive n-channel 
M~S 
gated power devices in totem pole configu~ation. Compa~lble 
with current-sensing 
MOSFETslIGTs. 
this HVIC provides 
overcurrent shutdown, simultaneous 
conduction protection. 
and undervoltage 
lockout. Logic level inputs provide noise 
immune control of power element switching. 


The SP600 
has demonstrated 
high frequency 
(130 kHz) 
operation as well as the ability to withstand high dv/dt. Its 
semicustom design flexibility makes it easily adaptable to a 
wide range of single and multiple phase applications. Other 
salient features of the device are described below. 


Technology Overview 


BiMOS structures 
are implemented 
in a junction-isolation 
process, known as "lateral charge control",l 
that supports 
high voltage laterally. By the use of this thin epi process, low 
voltage analog and digital circuitry can be combined mono- 
Iithically with high voltage transistors. 
Low voltage circuits 
can be constructed to float up to 500VDC with respect to the 
substrate. Additionally, 500VDC NMOS and n-p-n transistors 
can also be fabricated.2 
Since this process conforms 
to 
mainstream low voltage IC manufacturing, it is cost effective. 


Totem Pole Drivers 


Historically, designers have been faced with awkward deci- 
sions regarding the upper-rail drive of bridge topologies. P- 
channel MOSFETs, while easy to drive, are more than twice 
as expensive 
as equivalent 
n-channel 
devices having the 
same 
rds(on). 
Economic 
barriers and product 
availability 
generally 
prohibit 
design 
beyond 
200Voc. 
On the o~her 
hand, the driving of upper rail n-channel MOS gated deVices 
requires a floating gate supply that must be 5 to 20Voc 
greater 
than 
the 
upper 
rail link. While 
several 
discrete 
approaches for implementing this floating supply are known, 
the designer is burdened with additional components 
and 
potential dv/dt problems associated with voltage translation. 


The SP600 series driver provides the economical solution as 
an intelligent totem pole n-channel driver. With the addition 
of as few as five. user defined, external. passive components 
(three if current detection isn't employed) a functional half- 
bridge driver can be built that has the following features: 


• Creation and management 
of a 15VDC upper-rail power 
supply 


• Ability to interface and drive standard and current sensing 
n-channel MOSFETsllGTs 


• Shoot-through protection 


• Overcurrent protection 


• Undervoltage lockout 


• CMOS logic-level input compatibility 


• Semicustom flexibility through metal-mask changes 


• Standard 22-pin DIP packaging 


Theory of Operation 


Figure 1 is the basic block diagram of the SP600. CMOS 
logic compatible input signals are filtered to en.sur~ relia~le 
operation when the device is subjected to nOIsy Industrial 
environments. 
Digital 
commands 
at TOP 
and 
BOTTOM 
inputs cause the upper or lower drivers, respectively, to turn 
on or off. The ITRIPSELECTinput provides a higher than nom- 
inal current limit on a pulse-by-pulse basis. The input signals 
are decoded to drive the appropriate 
output device. High 


voltage translation is provided by current mirror pulses used 
to communicate upward to the top gate driver to initiate turn 
on or off (lorJIOFF pulses). These momentary 
pulses are 


captured by local latches to maintain the desired state. This 
feature minimizes power dissipation in the level shifter and 
provides added noise immunity as well. The bottom gate 
driver circuitry is similar. The floating bootstrap power supply 
is provided by low voltage capacitor CF and high voltage 
diode DF Each time the VOUTnode goes low, CF.cha.rge~to 
roughly a diode drop less than Vdd (15Vocl. ThiS sltualion 
prevails each time the lower output device is activated .or, ~n 
the case of an inductive load, whenever the upper deVice IS 
switched off and freewheeling load current forces the output 
node to a diode drop below ground. In either case. DF is for- 
ward biased, allowing CF to charge through the current limit- 
ing 
resistor 
Rss 
to approximately 
VOl) 
Noise 
dropping 
resistor RNo. along with capacitor Coo. provides localized fil- 
tering of the bias supply and bypasses bias supply series 
inductance facilitating fast and complete bootstrap refresh. 


Each output device is protected on a pulse-by-pulse 
basis 
from overcurrent (OC) by sense resistor Rs• which is con- 
nected to 100mV comparators. 
This arrangement 
permits 
the designer to take advantage of nearly lossless current- 
sensing MOSFETs or IGTs. 


BOTIOM 


I TRIP SELECT 


FAULT 


Upon detection of any oe, the output is immediately 
dis- 
abled. In the case of the lower switch, a FAULT is directly 
detected and reported. Upper rail oe FAULTs are indirectly 
reported via the output voltage monitor when it detects an 
output state not in agreement 
with the commanded 
TOP 
input signal. With local OC detection and shutdown of the 
upper device. an inductive load will force VOUT 
low due to 
freewheeling. This "out of status" detector recognizes a fault 
when VOUT is typically less than 5.5VDC' 


Logic And Timing 


Figure 2 is a detailed functional circuit of the SP600. The fil- 
tered inputs, TOP, BOTTOM. and ITRIP 
SELECT. 
ignore pulse 
widths less than typically 400ns to prevent false triggering. 
During the generation of ION and IOFF pulses, the control 
logic ignores further changes in the input signal. For each 


ION pulse, an 'OFF pulse is simultaneously sent to the oppo- 
site driver, thus eliminating the possibility of spurious shoot 
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through 
caused 
by 
high 
voltage, 
high-speed 
switching. 
These features aid in providing predictable operation of the 
floating upper rail driver section, which is capable of slewing 
over 10,000 volts per Ils. 


PHASE serves as a common reference for the floating boot- 
strap supply (Ves) and all upper rail logic. VOUT'for all practi- 
cal purposes, 
is at the same potential as PHASE, being 
separated from it electrically by only a few n (Ro). This addi- 
tional series output resistance helps to limit the peak current 
being drawn from the HVIC when an external lower flyback 
diode, undergoing forward recovery, forces VOUTnegative. 


An automatic refresh algorithm is generated by the CMOS 
timing and control block to ensure that the bootstrap capaci- 
tor remains charged. As mentioned above, CF is refreshed 
each time the VOUTnode swings to common. At power up, 
with zero voltage on Cf'; there are two ways to refresh the 
bootstrap capacitor. The first is by initially commanding the 
bottom device to turn on, forcing VOUT low. The second 
occurs when an automatic refresh is invoked if the TOP has 
been commanded 
on for longer than 200J.1Sto 500IlS. 
The 
logic momentarily ignores the inputs, and turns on the lower 
output 
(subsequent 
to an IOFF TOP) for typically 
2.01lS, 


charges CF and finally restores control to the input com- 
mands. Automatic 
refresh is overridden at switching rates 
greater than 5kHz, the minimum refresh timer period. 


A dual level current limit provision allows for a 30% higher 
current trip point (above nominal) on a pulse-by-pulse basis. 
A logic level 1 applied to ITRIPSELECTprovides a boosted 
current limit suited for applications like uninterruptable power 
supplies 
(UPS), which may have occasional 
shifted peak 
power requirements. This feature may allow for a more opti- 
mally selected output device. Benefits of current boost have 
been demonstrated 
in an off-line 
PWM motor 
controller 
where ITRIPSELECTis momentarily applied to overcome the 
inertia associated with rotor start-up.3 


Both outputs are disabled and a FAULTreported as a result of: 


• Overcurrent 


• Voo (lower bias) and Ves (upper bias) undervoltage 


• VouTIPHASE out-of-status 


• Simultaneously 
commanded 
TOP 
and 
BOTTOM 
input 


(outputs disabled, no FAULT reported) 


The fault can be cleared 
by a logic 0 at both TOP and 


BOTTOM inputs for the required fault reset delay time of 


3.41lS to 6.6J.1S. 


Power Driver section 


The upper and lower driver output sections are nearly identi- 
cal, Figure 3.4 Separate sink and source transistors are sep- 
arately bonded out for application specific designs requiring 
additional series gate impedance(s) 
for slower charge and 


discharge 
rates. This circuit property becomes particularly 


important with IGTs, where a minimum turn-off impedance of 
100n may be required to ensure full SOA. Regardless of the 
switching element used, companion flyback diode character- 
istics may necessitate slower turn-on to reduce peak reverse 
recovery 
current 
by increasing 
the 
gate 
impedance 
by 


means of RCHARGE. 


A nominal 100mVoc comparator provides overcurrent (OC) 
protection when used with either current sensing IGTs or 
MOSFETS. 
OC can also 
be implemented 
by using low 


impedance 
shunts with noncurrent 
sensing 
power output 


devices, Figure 4. 


Clamp CL 1 in Figure 4 provides overvoltage protection for 
current sensing structures during switching intervals, and pro- 
tects the comparator from any voltage transients due to exter- 
nal lead inductances. To avoid nuisance OC trips caused by 
reverse recovery current during turn-on transitions, the com- 
parator's output is blanked for approximately 31ls. 


System Performance 


The half-bridge test circuit in Figure 5 was built to demon- 
strate the SP600 as a high frequency driver of MOSFETs. 
The load is referenced to one-half the battery voltage, allow- 
ing bidirectional load current. This circuit characteristic emu- 
lates power configurations of half bridges with split supply or 
full bridges implemented with multiple HVICs. 


For ultimate 
switching 
speed, 
no additional 
series 
gate 
impedances 
were used. Peak MOSFET gate charge and 
discharge current waveforms of 400 and 510mAoc, respec- 
tively, were observed, Figure 6. 


High frequency, high voltage operation requires that upper 
rail drive and level translator circuitry be immune to high dv/ 
dt, as this section floats with respect to Your/PHASE. 
Inter- 


junction 
capacitance 
can dynamically 
inject displacement 
currents, raising havoc in circuit performance or even caus- 
ing catastrophic failures, including the breakdown of voltage 
isolation tubs or latch-up in adjacent four layer structures. 


At rail voltages of 200Voc to 400Voc, rise and fall transitions 
of Your/PHASE 
were measured in the 20ns to 35ns region. 


The HVIC operated flawlessly while being subjected to out- 
put swings beyond 11,OOOVper I1s. Figure 7 demonstrates 
the HVIC's ability to sustain such dv/dt when driving IRF820 
devices. 


IRF 842s were driven at 130kHz in this same half-bridge cir- 
cuit, Figure 8. The ultimate switching speed of the SP600 
series HVIC will depend on gate capacitance and the duty 
cycle limits dictated by the minimum IONand IOFFtimes. A 
minimum IONtime (1.6I!s to 3.1I1S)ensures time for refresh, 
while a minimum IOFFtime (1.3I1Sto 3.4J.1s)prevents simulta- 
neous conduction by allowing for gate discharge prior to an 
opposite 
ION pulse. The same promising 
technology 
has 
been shown to operate a half-bridge resonant converter at 
frequencies up to 600kHz.6 
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FIGURE 8. OUTPUT LOAD CURRENT AT 130kHz USING 
IRF842s 


The 
SP600 
family 
can 
be customized 
by inexpensive, 
final 


metal 
mask 
alterations. 
Application 
specific 
designs 
are pos- 


sible 
lor variations 
in the following 
parameters: 


• 
Minimum 
Im/JoFF 
pulses 


• 
OC trip response 
time 


• 
Input 
signal 
conditioning 
filters 


• 
OC trip level 


• 
Inclusion 
of RCHARGEIDISCHARGE 


• 
ITRIP SELECT boost 
level 


• 
FAULT reset 
timer 


Other 
system 
related 
options 
include: 


• 
Input 
protocol 


• 
Automatic 
FAULT reset 


• 
Ability 
to disable 
the automatic 
refresh 
algorithm 


References 


1. E. J. Wildi, 
et ai, "New 
High Voltage 
IC Technology:' 
IEOM 
84 Conference 
proc, 
pp 262-265. 


2. 
E. J. Wildi, 
et ai, "5QOV BiMOS 
Technology 
and 
its Appli- 
cations," 
Electro 
85 paper 
#24/2. 


3. J. G. Mansmann, 
et ai, "ASIC 
Like 
HVIC 
for Interfacing 
to 


Half-Bridge 
Based 
Power 
Circuits:' 
PESC 
March 
88. 


4. J. G. Mansmann, 
et al"A 
Flexible 
High Voltage 
Controller 


Core for Half "He" N-Channel 
Bridge 
Operation:' 
MOTOR· 


CON 
proc, 
Sept 
'87, pp 194-205. 


5. 
O. J. Macintyre, 
"Motor 
Control 
Applications 
of Second 
Generation 
IGT Power 
Transistors:' 
GE PESO 
Application 


Note 200.95. 


6. 
R. L. Steigerwald, 
et ai, "A High-Voltage 
Integrated 
Circuit 


for Power 
Supply 
Applications", 
APEC 
proc, 
Mar 
'87, 
pp 


221·229. 


Appendix 


Timing 
Waveforms 
(See page 6) 


Although 
both SP600 
and SP601 
timing 
diagrams 
are shown 


the SP601 
was chosen 
to provide 
further 
explanation. 


10 < t < t, 
At 10, with the enable high, the outputs 
are simulta- 


neously 
commanded 
to switch 
from 
lower to upper 


which is also known as Bistate operation. 
After delay 


IoFFDo the lower is turned 
off, followed 
by the uppers 


turned on. Dead time, Io.T., the difference 
between the 


lower off transition to the upper on transition is internal- 
ly set. Since this timing sets the margin of safety for si- 
multaneous 
conduction, 
irs the user's responsibility 
to 


ensure that proper external gate impedance is selected 
to ensure ample time for power transistor charging/dis- 
charging. 


t, < t < t2 
The lower is turned on at t, and continues for a relative- 
ly long period, long enough that at t2 an automatic re- 
fresh will be invoked. 


The HVIC has blinded itself to the logic inputs during 
this refresh mode. The upper is turned off, with its as- 
sociated turn off delay, IoFFo- After the fixed dead time, 
Io.T., the lower is briefly 
turned 
on, ton, providing 
a 
charge 
refresh 
path for the bootstrap 
capacitor, 
CF 
Once again the dead time is observed 
before turning 
the upper back on again and restoring 
control to the 
user inputs. This refresh cycle can be detected as a few 


JlS wide pulse of lower MOSFET/IGT 
current. 


The upper remains commanded 
on for a period of time 
less than tREFAt 4, the UP/DOWN time is brought low, 
commanding 
a lower turn on. Similar to the loot, inter- 
val, the upper turns off after delay IoFFDand the lower 
turns on after the dead time, 1o.T. 


The SP601 is disabled by the ENABLE line low at Is. 
Previously 
conducting 
lower turns 
off after its delay, 


IoFFo- Since the ENABLE 
line was preViously brought 
low 
and 
neither 
output 
transistors 
are conducting, 
termed as tristate mode. The state of the output phase 
waveform remains unknown. At Is, the ENABLE is once 
again pulled high. The lower turns on after delay, IoNDS' 


At t7, the SPOOl is disabled and the UP/ DOWN line is 
toggled to the upper position. The lower turns off and the 
power devices go into a tristate mode. At Ie, upper turn 
on sequence 
begins. Since the auto one shot hasn't 
timed out yet, the turn on delay, IoNDS'is relatively short. 


The chip shuts off as the ENABLE line is brought low at 
19,and is enabled 
again at t,o as the UP/DOWN 
line 
had remained high. Since the disable period was long 
and the refresh one shot had timed out, the turn on de- 
lay, IoNDT,is slow. Keep in mind that the delay time in- 
cludes the time for automatic 
refresh. In an attempt to 
not further complicate 
the drawing, the detailed refresh 
cycle isn't actually shown. 


t" 
< t < t'3 
Both inputs are brought low at t 
" 
for a duration longer 
than !REF At t'3 the ENABLE is restored, Initiating the 
turn on sequence for the lower. This follows a long period 
of time where the one shot had timed out, but in this case 
the lower is commanded on. Since ~doesn't need the re- 
fresh algorithm, the turn on delay, IoNDS' is fast. 


t" 
< t < t'3 
This sequence of events depicts the detection of a low- 
er overcurrent trip. Between t'3-t'4' 
the lower is on. Be- 
yond the filter delay, IoFFTN,the overcurrent 
trip shuts 
off the lower driver. A fraction of a JlS later, lpN, the flag 
report delay, FAULT goes low. 


t,s < t < t'6 
By holding both ENABLE and UP/DOWN 
lines low for 


t'8 < t < t19 
the required 
faUlt filter 
reset 
time, 
!R.T.' the faUlt is 


cleared. 


t'8 < t < t'7 
The upper is turned on and an overcurrent 
trip begins. 


Beyond the fitter delay, IoFFTN,the overcurrent compar- 
ator shuts off the upper drive at t17. Since the control 
logic can only communicate 
upwards, there is no direct 


means of reporting an upper trip. As the fault has been 
remotely captured 
by the floating upper section, shut- 


down has occurred. The Phase or VOUTnode will quick- 
ly fall to a diode drop below common 
due to inductive 
flyback current. Via the VOUr.!VPH••.SEmonitor this is de- 
tected as not being in agreement with the commanded 
input and reports the fault. Reporting this phase out of 
status delay is IosvF 
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HIP2500 HIGH VOLTAGE (500VoC) 
HALF-BRIDGE 
DRIVER Ie 


Author: George E. Danz 


The HIP2500 is a high voltage, high speed dual driver for 
MOS gated power devices. The drivers are isolated from 
each other, each controlled 
by an independent 
input line 
referenced to the system common voltage. The HIP2500 
was designed using the same proprietary technology which 
was started 
more than 5 years ago, resulting in the first 
products in the HVIC family, the SP600/SP601 
Half-Bridge 
Drivers. Many of the benefits of the SP600/SP601 
family 
also apply to the HIP2500. For example, these HVICs offer a 
very 
inexpensive 
means 
for driving 
an n-channel 
power 
switch from low side referenced logic without special isola- 
tion circuitry, such as optocoupler 
(not known for ex1reme 
reliability) 
or 
transformer 
means 
(often 
too 
expensive). 


Highly integrated low level logic and high-level drive circuitry 
minimize 
propagation 
delays, 
allowing 
higher 
switching 
frequencies and often lower switching losses than would be 
attainable using more conventional techniques. In addition to 
cost savings and performance increases, the HVIC simplifies 
and reduces the effort needed to design an efficient driver 
for MOS gated high and low side switches. Features specific 
to the HIP2500 are discussed below. 


The HIP2500 enjoys some features which the SP600/SP601 
lacks. These are a smaller 14 pin dip package, significantly 
higher output drive capability (2A peak) and lower transport 
delays 
from 
input to output. 
In order to maintain 
noise 


immunity, CMOS Schmitt triggered inputs with pull down are 
incorporated on all inputs. By shedding some of the features 
of the SP600/601 family such as over-current trip and shoot- 
through 
protection, 
the 
HIP2500 
can 
operate 
at 
PWM 
frequencies as high as 500KHz depending on bus voltage, 
having gate rise and fall times of typically 23ns into 1000pF 
load. 


The blocking voltage of the HIP2500 has been increased to 
500VDC in keeping with industry requests for 600V blocking 
capability for bridge components for use on rectified 230VAC 
lines. 


While 
the 
burden 
of 
shoot-through 
protection 
is 
now 
squarely with the user, the added flexibility of precise user 
gate control allows some other interesting circuit topologies. 
For example the double forward converter configuration pop_ 
ular with power supply, stepper motor control and switched 
reluctance motor control can now be implemented. Capacitor 
CF must be fully charged before turning the upper switch on 


the first time by holding the lower switch on long enough to 
charge CF through the load impedance. See Figure 1. 
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FIGURE 1. DOUBLE 
FORWARD 
CONVERTER 
SCHEMATIC 


Also with the HIP2500 it is possible to drive a high side 
switch which can be switched independently 
from the low 


side switch. The load itself could supply initial bootstrap volt- 
age and an appropriate f1yback diode would be required in 
parallel with the load to avoid severe negative excursions of 
the power switch's source lead. An example of this is shown 
in Figure 2. 
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Description 
of the HIP2500 


The block diagram of the HIP2500 is shown in Figure 3. The 
HIP2500 is comprised 
of a ground referenced gate drive 
circuit and a high voltage bus referenced (floating) gate drive 
circuit. The input logic circuit for the high side driver incorpo- 
rates level translation circuitry to interface between the low 
voltage logic section and the high voltage logic section which 
controls the upper (or floating) gate driver. 


Input Logic 


There are three inputs to the HIP2500; 
HIN controls the 
floating high side driver, UN controls the low side (ground 
referenced) 
driver and SO which controls the "shutdown" 
function. All inputs pass through Schmitt buffers employing 
hysteresis with transition thresholds proportional to the logic 
supply Voo- Slower or ramped inputs therefore are squared 
up before being passed to the level translation circuits, which 
translate the logic level inputs to signal levels compatible 
with the fixed driver (10V to 15V) supply. The level transla- 
tion circuit allows the ground reference of the logic supply 
(Vss on pin 13) to swing plus or minus by a couple of volts 
with respect to the power ground (COM on pin 2) thereby 
enhancing noise immunity. 


Each channel, including the shutdown input, is independently 
controlled. The gate drive responds within a short (typically 
400ns) propagation delay of the input signal. In applications 
where deadtime is required to prevent conduction overlap or 
"shoot-through", the HI and La 
input commands must be 
spaced by external circuitry. For example in a half-bridge 
configuration, where the upper and lower switches are series 
connected between the high and low sides of the power bus, 
effort must be taken to turn off each of the switches in 
advance of turning on the other. The designer must ensure 
that one switch is completely off before trying to turn on the 
other or high currents can flow through both, possibly leading 
to destruction of one or both power switches. OtIen a few 
passive components added to delay switch turn-on without 
delaying turn-off can effectively control shoot-through (see the 
diode resistor parallel combination 
in Figure 4). As power 
levels and power switch devices 
become 
larger, passive 
techniques 
may 
become 
a 
more 
appropriate 
means 
to 


provide turn-on blanking of one switch while the other switch 
is turning off. 


Shutdown is accomplished by a logiC level 1 at the SO input. 
This input must be at logic level 0 to "gate" the HIN and UN 
inputs to their respective drivers. The SO logiC also removes 
bias to the high voltage translation pulse circuits, thereby reduc- 
ing bias current to the HIP2500 when in shutdown mode. 
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The HIP2500 is protected internally from insufficient boot- 
strap supply voltage (in the case of the upper floating driver) 
and insufficient bias supply voltage (in the case of the lower 
driver). Also circuitry is provided which allows the high volt- 
age power to be applied prior to the low voltage control 
power without inducing false gating from the HIP2500. 


The undervoltage circuitry functions differently for upper and 
lower drivers. The lower undervoltage lockout blocks drive to 
both upper and lower power switches. Upon reestablishment 
of proper lower supply voltage levels the drive signals are 
unblocked and gate drive to both upper and lower switches is 
reestablished provided the appropriate UN and HIN signals 
are enabled. The upper undervoltage circuit controls only the 
gating of the upper (floating) switch which is latched off when 
an undervoltage 
is sensed. Latching is released when the 
upper undervoltage 
circuit is satisfied. A subsequent 
"on" 
pulse from the HIN terminal is necessary to trigger the upper 
switch. The HIN terminal 
must have previously 
gone low 
since all communications 
with the upper driver are "edge" 
u·iggered. The purpose for latching either driver off in the 
event of an undervoltage condition is to ensure direct control 
from the HIN input. Without latching, the undervoltage circuit 
could cycle at a frequency dependent upon the size of the 
bootstrap 
capacitor, 
gate capacitance, 
and 
undervoltage 
hysteresis 
levels. 
Latching 
the 
undervoltage 
detector 
provides 
in 
essence 
an 
"alarm" 
that 
an 
undervoltage 
condition 
has 
occurred. 
The 
circuit 
designer 
must 
pick 
values of bootstrap capacitance which avoids undervoltage 
triggering 
at the 
PWM 
design 
frequency. 
Guidance 
on 
choosing 
the 
right value 
can 
be found 
under 
"Floating 
Supply Considerations" later in this note. 
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The driver circuits for the upper and lower gate drives are 
identical. Since it is desirable to provide the greatest possi- 
ble gate drive voltage consistent with the user supplied volt- 
age. p-channel mosfets have been used in the output stage 
of the drivers for sourcing gate current to the power device. 
Likewise. n-channel devices have been employed for sinking 
current from the gates of the power devices. This approach 
allows complete utilization of the Vcc voltage and changes 
in moslet threshold voltages with temperature will not reduce 
power device gate bias levels. 


The sink and source currents of the gate drivers are fully 
capable of supplying peak currents of at least 2.0A, which 
means that a power mosfet device with 3000pF gate source 
capacitance can be fully charged in 25ns. Discharge of the 
gate source capacitance 
will be slightly more rapid. since 
RDSon of the sink driver is about 10% less than the source 
driver. 


The high side driver section is built into an "isolation tub" 
which is capable of floating +500VDc above substrate poten- 
tial with respect to power ground (COM pin 2). Pin 6 (Vs) is 
the common potential for the upper drive circuitry and is the 
most negative voltage within the floating tub. VB (pin 5) is the 
positive rail within the floating tub and is usually +15 above 
Vs. The gate drive output. HO (pin 7) swings between Vs 
and VB according to the state of the HIN input pin. 


The floating supply which ties between VB and Vs is sup- 
plied typically by a capacitor. C", referred to as the bootstrap 
capacitor. A fast recovery. low leakage diode. D", refreshes 
or charges this capacitor whenever the Vs terminal swings to 
common (see Figure 4). A low leakage. fast recovery diode 
should be chosen for the bootstrap diode and should exhibit 
low reverse recovery charge. Accomplish this by choosing a 
diode with a blocking voltage rating greater than 500V DC. For 
example, the Harris A114P diode is a high voltage 1A, fast 
recovery diode rated at 1000V blocking. It is used with great 
success on rectified 230VAC circuits where normally a 500V 
or 600V diode would be used. The high voltage diode results 
in a naturally 
lower junction 
capacitance 
than would be 
attainable in a comparable low voltage diode. 


The refresh charging "loop" is a circuit beginning at the Vcc 
node and comprising the bootstrap diode (forward biased). 
the bootstrap capacitor, either the lower power device or the 
f1ybackdiode and the COM terminal. Normally Vs voltage will 
be one diode drop below the COM terminal whenever the 
upper power switch is turned off due to the inductive nature of 
the load current commutating from the upper switch to the 
lower flyback (or body) diode around the lower power switch. 
When no inductive load current is flowing through the lower 
flyback diode. then the Vs terminal voltage will operate at a 
voltage above the COM terminal determined by the lower 
power device's forward voltage drop. The ultimate voltage 
attained on the bootstrap capacitor is dependent on whether ~ 
was refreshed through the flyback diode or the lower power 
switch device. Lead inductance associated with the f1yback 


diode can actually cause the Vs terminal to transiently go 5V 
to 20V below COM depending on dv/dt. This occurs when the 
upper sw~ch is turned off very rapidly and the load current is 
rapidly commutated to the lower flyback diode. Although this 
can help to dump some charge very quickly onto the boot- 
strap capac~or. it can cause trouble with the HVIC if allowed 
to exceed more than about 4 volts. It is wise to minimize this 
inductance by tight power circuit layout practices. 


A number of considerations 
in the implementation 
of this 
bootstrap 
arrangement 
which must be kept in mind. The 
series inductance 
in the loop comprised 
of the bootstrap 
diode, capacitor and the Vcc supply and COM return path 
must be kept very low. Ideally under normal conditions the 
charging time for refreshing the capacitor is short. This must 
be so when very high PWM duty cycles are desired. In fact 
overmodulation must be avoided so that approximately 1 to 2 
~secs is reserved for refreshing the bootstrap capacitor. The 
actual time required depends on the series resistance of the 
bootstrap loop, the series inductance (hopefully near zero) 
and the size of the bootstrap capacitor. An upper limit on the 
PWM frequency is then given by: 


fpWM:S;(1 - DC) 


tREF 


DC = Duty cycle fraction 


tREF= refresh time (sec.) 


tpWM= PWM frequency (Hz) 


Another consideration in the design of the bootstrap circuit 
concerns 
the 
sizing 
of the 
bootstrap 
capacitor. 
If it is 
assumed that all of the gate charge comes from the boot· 
strap capacitor, which is a good assumption. then enough 
charge must be placed on the bootstrap capacitor such that 
when it "dumps" the turn-on gate charge to the power switch. 
there is still enough voltage on the bootstrap capacitor such 
that undervoltage lockout is not triggered. For turn-on gate 
charge of QG. flying capacitor of C", supply voltage Vcc and 
final gate voltage VG (which must be greater than the maxi- 
mum value for the undervoltage trip threshold). the minimum 
bootstrap capacitor is given by: 


CF> 
QG 
Vcc- VG 


The above assumes an inductive load which would tend to 
cause the bootstrap diode drop to be approximately 
can- 
celled by the drop associated with the body diode (mosfet) or 
flyback diode in parallel with an IGBT. If the load is not some- 
what inductive. the bootstrap diode drop must be subtracted 
from Vcc along with any drop associated 
with the lower 
switch. The effects of leakage current in the reverse biased 
bootstrap diode and the small quiescent bias current of the 
upper driver circuit must be taken into account when sizing 
CF Therefore the sum of the above currents and the charge 
removed from CF in charging the gate capacitance, 
QG. 


determines the minimum size of CF Therefore: 


CF > QG + (laBS + tR) %N(max) 


Vcc - VG 


The previous discussion on refreshing has been made with a 
half-bridge 
or 
"totem-pole" 
configuration 
of 
the 
power 
switches in mind. Other topologies are of interest such as the 
"double forward converter" configuration shown in Figure 1. 
Once current is established in the inductor of the double for- 
ward converter, simply turning off the switches causes the 
inductor 
current 
to 
freewheel 
through 
the 
commutating 
diodes. The Vs lead will be pulled to approximately a diode 
drop below COM while the inductor current ramps to zero. 


This action will charge the bootstrap capacitor in all cases 
but those wherein 
the inductor current is minute. During 
start-up when there is no current in the inductor, it is neces- 
sary to precharge 
the 
bootstrap 
capacitor. 
This can be 
accomplished in a number of ways, but one can simply turn 
on the lower MOSFET or IGBT long enough to charge up the 
capacitor. Voltage overshoot due to the resulting series RLC 
circuit will be clamped by the internal zener clamps and/or 
the substrate diode within the HIP2S00. Alternatively, a small 
auxiliary MOSFET can be placed around the lower flyback 
diode and driven by an inverted LO gate drive signal. When 
the lower is turned "off", the auxiliary MOSFET will be turned 
"on" thereby supplying 
a charging 
path for the bootstrap 
capacitor. 


The buck converter (Figure 2) is another possible application 
for the HIP2S00. With this type of converter configuration, as 
soon as the HIP2S00 bias supply power is applied, the boot- 
strap capacitor will be charged through the load impedance. 
After haVing waited for complete charging of the capacitor, it 
is then possible to operate the HIP2S00 normally. Subse- 
quent refreshing will occur each time the buck converter 
switch is turned off which it must do in order to refresh the 
bollstrap capacitor. 


As shown in Figure 4, the high side channel input commands 
require level shifting from a level near COM to a level near 
that at which the high voltage tub is floating, which can be 
SOOV.The onloff 
commands 
for the high side are trans- 
formed into narrow current source commands 
which sink 
current through burden resistors in the high side circuit. After 
squaring up these pulses they are "and" gated with the out- 
put from the under voltage circuit and latched before being 
sent to the driver section. 


Switching 
dvldt 
as high as SOV/ns is possible 
with the 
HIP2S00. Also, when the upper switch is turned off, the short 
lived negative excursions of the Vs terminal due to so-called 
"forward recovery" and lead wire inductance in series with 
the upper and lower power switches will not cause problems 
with HIP2S00 operation. 


Power Dissipation 


Power dissipation in the HIP2S00 results from static losses 
and switching losses. The static losses are due to the bias 
supply in both upper and lower driver sections and leakage 
losses in the high voltage level translation transistors. The 
sum of all these losses at1SV 
is approximately 
19.5mW at 


+2SoC. At +12SoC these losses are not normally over 3OmW. 


The dynamic losses are due to low voltage and high voltage 
switching losses. The low voltage switching losses derive 
primarily from the upper and lower driver output stages. The 
energy required in charging and discharging the gate of the 
power switches must flow through the resistance in the gates 
of the power devices, the ROSenof the driver output stage, 
and all of the lumped wiring and connection 
and supply 
sources 
resistances. 
The 
sharing 
of 
these 
resistances 
between the HIP2S00 and the external source and switch 
devices must be known before an accurate calculation of 
losses can be attempted. The maximum total loss can easily 
be calculated once the PWM frequency, supply voltage and 
power device gate charge is known: 


Pdriver:; 2 • fpWM • On • Vcc Walls. 


The high voltage switching losses are due predominantly to 
the level translation transistors. These losses are a function 
of the PWM frequency, the level translation current and pulse 
width and the bus and Vee voltages. The level translation 
power dissipation then is: 


P1evel trans. = fPWM 
• (VS + Vee) • 8 x 10 -9 Watts 


PTOTAL= PSTATIC+ PORIVER+ PLEVELTRANS 
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Harris Intelligent Power 


HVIC/IGBT 
HALF-BRIDGE 
CONVERTER 
EVALUATION CIRCUIT 


The HVIC high voltage integrated circuit is designed to drive 
n-channellGBTs 
or MOSFETs in a half-bridge configuration 
up to 500Voc. Power supply and motor control inverters can 
be configured 
for voltages up to 230VAC using the HVIC, 


IGBTs and a few other components. 


A few precautions should be taken in using the circuit. Lead 
lengths between the external power circuit (including gate 
and pilot leads), the 15V bypass capacitor (Coo), the boot- 
strap diode (OF) and capacitor (CF) and the HVIC should be 
minimized. 


The basic components 
required to evaluate the features of 
the SP601 are shown in the simplified schematic. The rec- 
ommended 
load is largely resistive so that the largest cur- 
rent component will flow through the IGBTs, IGT1 and IGT2. 


The f1yback diodes, 01 and 02, rated 8A, will carry a much 
smaller flyback current component. A small amount of load 


inductance will cause the switching waveforms to simulate 
the conditions which would normally be observed with motor 
or transformer loads, while limiting the current carried by the 
lower rated f1ybackdiodes in this circuit. 


The values for RpUa' 
RpUb' etc., have been chosen to result 
in overcurrent trip at approximately 
25Apk. At this level of 


current, 
heat sinking for the IGTs and flyback 
diodes 
is 
required. The series resistance of the upper and lower pilot 
resistor dividers would be approximately 
1KO; the divider 


ratio should cause O.1V at the tap at the desired trip current. 


When first energizing your evaluation circuit, begin with a 
reduced bus voltage of about 20Voc to 30Voc to verify proper 
circuit operation before proceeding to higher voltages. 


More specific information can be found in File Number 2428 
and 
File Number 
2429 
Half-Bridge 
500Voc 
Driver data 
sheets and in the Application Note, AN-8829.1. 
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SYMBOL 
INCHES 
MilLIMETERS 
NOTES 
MIN 
MAX 
MIN 
MAX 


A 
- 
0.05 
- 
1.270 
1 


b 
0.023 
0.029 
0.584 
0.736 


b1 
0.045 
0.055 
1.143 
1.397 
1 


c 
0.018 
0.026 
0.457 
0.660 


E 
0.130 
0.150 
3.302 
3.810 


e 
0.095 
0.105 
2.413 
2.667 


e1 
0.190 
0.210 
4.826 
5.334 


G1 
0.220 
0.260 
5.588 
6.624 


G2 
0.415 
0.425 
10.54 
10.80 


H 
0.330 
0.380 
8.382 
9.652 


l 
0.390 
0.450 
9.906 
11.43 


L1 
- 
0.110 
- 
2.794 
1.2 


Q1 
0.039 
0.050 
0.990 
1.270 


IX1 
- 
50° 
- 
50° 
1 


NOTES: 1. Package contour optional within 
dimensions specified. 


2. Lead dimensions uncontrolled in this zone. 


SYMBOL 
INCHES 
MILLIMETERS 
NOTE 
MIN. 
MAX. 
MIN. 
MAX. 


A 
0.250 
0.450 
6.4 
11.4 


t/>b 
0.038 
0.043 
0.966 
1.092 


t/>D 
- 
0.875 
- 
22.22 


e 
0.420 
0.440 
10.67 
11.17 


e1 
0.205 
0.225 
5.21 
5.71 


F 
- 
0.135 
- 
3.42 


L 
0.312 
- 
7.93 
- 
t/>P 
0.151 
0.161 
3.84 
4.08 


q 
-':'T:~' ~r~" 


R 


R1 
- 
0.188 
- 
4.77 
• 
0.655 
0.675 
16.64 
17.14 
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Notea: 
1. Dlmenllon 
k me •• ured lrom 
¢D maximum. 
2. ¢D1 
aha II not very more 
than 
0.010 In Zona 
P. Thla zone 
controlled 
lor automatic 
handling. 
3. Detalla 01 oulline 
In thla zona optional. 


4. Leada at gauge plane 0.054-0.055 below •• atlng plane ahall be 
within 
0.007 radlua 01 poaillonal 
tolerance 
at MMC relative to 
tab at MMC. Device may be meaaured by direct method a or by 
gauge 
and gauging 
procedure 
deacrlbed 
on JEDEC 
gauge 
drawing 
GS-1. 


5. ¢l>2 appllea 
between 
L1 and L2. ¢b appllea betwHn 
L2 and L 
minimum. 
Dlametar 
la uncontrolled 
In L1 and 
beyond 
L 
mInimum. 


INCHES 
MILLIMETERS 
NOTES 
iYMBOL 
MIN. 
MAX. 
MIN. 
MAlt 


A 
0.250 
0.450 
6.4 
11.4 


¢b 
0.057 
0.063 
1.45 
1.60 


¢b1 
0.141 NOM 
3.58 NOM 


¢D 
- 
0.875 
- 
22.22 


e 
0.420 
0.440 
10.67 
11.17 


I 
e1 
0.205 
0.225 
5.21 
5.71 


F 
0.060 
0.135 
1.53 
3.42 


L 
0.440 
0.480 
11.18 
12.19 


¢p 
0.151 
0.161 
3.84 
4.08 


q 
1.187 BSC 
30.15 BSC 


R 
0.495 
0.525 
12.58 
13.33 


R1 
0.131 
0.188 
3.33 
4.77 


a 
0.655 
0.675 
16.64 
17.14 


YMIIOL 
INCHES 
MILLIMETERS 
NOTES 
MIN. 
MAX. 
MIN. 
MAX. 


¢a 
0.200 BSC 
5.08 BSC 
4 


A 
0.160 
0.180 
4.07 
4.57 


¢II 
0.016 
0.021 
0.41 
0.53 
5 


¢b2 
0.016 
0.019 
0.41 
0.48 
5 


¢D 
0.340 
0.370 
8.64 
9.39 


¢D1 
0.315 
0.355 
8.01 
9.01 
2 


h 
0.009 
0.041 
0.23 
1.04 


J 
0.028 
0.034 
0.72 
0.86 
k 
0.029 
0.045 
0.74 
1.14 
1 


L 
0.500 
0.750 
12.70 
19.05 
5 


L1 
- 
0.050 
- 
1.27 
5 


L2 
0.250 
- 
6.35 
- 
5 
P 
0.070 
- 
1.78 
- 
2 
Q 
- 
0.050 
- 
1.27 
3 
a 
45° NOMINAL 
fJ 
90° NOMINAL 


'nt' 


BODY 
MOLDING 
FLASH 
MAY 
EXIST 
IN THESE 
AREAS 


b 


NOTES: 


1. Tab outline 
optional 
within 
boundaries 
of dimensions 
E and R. 


2. Lead 
dimensions 
uncontrolled 
In Ll' 


3. Maximum 
radius 
of 0.050" 
on all body 
edges 
and corners. 


4. Position 
of lead 
to be measured 
0.185-0.190" 
from 
bollom 
of 


dimension 
D. 


5. Controlling 
dimension: 
Inch. 


BODY MOLDING 
FLASH MAY 
EXIST IN THESE 
AREAS 


NOTES: 
1. Tab outline 
optional 
within boundaries 
of dimensions 
E and R. 


2. Lead dimensions 
uncontrolled 
in L1. 


3. Maximum 
radius 
of 0.050" on all body edges 
and corners. 


SYMBOL 
INCHES 
MILLIMETERS 
NOTES 


MIN. 
MAX. 
MIN. 
MAX. 


A 
0.165 
0.200 
4.191 
5.080 


b 
0.040 
0.065 
1.018 
1.651 


c 
0.053 
0.065 
1.346 
1.651 


cl 
0.015 
0.030 
0.381 
0.762 


0 
0.460 
0.505 
11.68 
12.827 


01 
0.395 
0.415 
10.033 
10.541 


02 
0.070 
0.090 
1.778 
2.286 


03 
- 
0.600 
- 
1.524 


E 
0.610 
0.640 
15.494 
16.256 
1 


El 
0.305 
0.320 
7.747 
8.128 


E2 
0.040 
0.060 
1.016 
1.524 


e 
0.205 
0.225 
5.207 
5.715 
4 


el 
0.420 
0.440 
10.688 
11.176 
4 


L 
0.500 
0.632 
12.700 
16.05 


Ll 
- 
0.150 
- 
3.81 
2 


t/JP 
0.157 
0.167 
3.988 
4.241 


Q 
0.093 
0.126 
2.36 
3.200 


R 
0.170 
0.190 
4.318 
4.826 
1 


Y 
0.600 
0.650 
15.24 
16.51 


INCHES 
MILLIMETERS 
NOTES 
SYMBOL 
MIN. 
MAX. 
MIN. 
MAX. 


A 
- 
0.190 
- 
4.826 


b 
0.049 
0.053 
1.243 
1.346 


bl 
- 
0.075 
- 
1.905 


c 
0.059 
0,061 
1.499 
1.549 


cl 
0.019 
0.021 
0.483 
0.533 


0 
0.475 
0.495 
12.065 
12.973 


01 
- 
0.325 
- 
8.255 


02 
- 
0.080 
- 
2.032 


03 
- 
0.600 
- 
15.240 


E 
0.615 
0.625 
15.621 
15.875 
1 


El 
- 
0.310 
- 
7.874 


E2 
- 
0.050 
- 
1.270 


e 
0.105 
0.113 
2.667 
2.870 
4 


el 
0.430 
0.446 
10.922 
11.328 
4 


e2 
0.215 
0.223 
5.461 
5.664 


L 
0.575 
0.595 
14.603 
15.113 


Ll 
- 
0.110 
- 
2.794 
2 


t/JP 
0.159 
0.163 
4.039 
4.140 


Q 
- 
0.120 
- 
3.048 


R 
- 
0.181 
- 
4.597 
1 


Y 
0.800 
0.820 
20.320 
20.828 


Yl 
- 
1.395 
- 
35.433 


4. Position 
of lead 
to be measured 
0.185-0.190" 
from 
bollom 
0 


dimension 
D. 


5. Controlling 
dimension: 
inch. 
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SYMBOL 
INCHES 
MILLIMETERS 
NOTES 
MIN 
MAX 
MIN 
MAX 


A 
0.140 
0.190 
3.56 
4.82 


b 
0.015 
0.040 
0.38 
1.02 


b1 
0.045 
0.070 
1.14 
1.77 


c1 
0.014 
0.022 
0.36 
0.56 
0 
0.560 
0.625 
14.23 
15.87 


E 
0.380 
0.420 
9.66 
10.66 


e 
\ 
0.090 
0.110 
2.29 
2.79 
2 


e1 
0.190 
0.210 
4.83 
5.33 
2 


E1 
- 
0.030 
- 
0.76 


F 
0.020 
0.055 
0.51 
1.39 


H1 
0.230 
0.270 
5.85 
6.85 


H2 
- 
0.165 
- 
4.19 


J1 
0.080 
0.115 
2.04 
2.92 


L 
0.500 
0.562 
12.70 
14.27 


L1 
- 
0.250 
- 
6.35 


<f>P 
0.139 
0.153 
3.53 
3.89 


Q 
0.100 
0.135 
2.54 
3.43 


NOTES: 
1. These dimensions 
are within allowable 
dimensions 
of revision J of JEDEC 
TO-220AB outline dated 3-24-87. 


2. 
Position of lead to be measured 
0.250-0.255 
(6.350-6.477mm) 
from case. 


INCHES 
MILLIMETERS 
SYMBOL 
NOTES 
MIN 
MAX 
MIN 
MAX 


A 
0.140 
0.190 
3.56 
4.82 
b 
0.020 
0.040 
0.51 
1.02 
b, 
0.045 
0.070 
1.14 
1.77 
c, 
0.014 
0.022 
0.36 
0.56 
0 
0.560 
0.625 
14.23 
15.87 
E 
0.380 
0.420 
9.66 
10.66 
E, 
- 
0.030 
- 
0.76 
e, 
0.190 
0.210 
4.83 
5.33 
2 


F 
0.045 
0.055 
1.14 
1.39 
H, 
0.230 
0.270 
5.85 
6.85 
H2 
0.160 
. 
4.19 
J, 
0.080 
0.115 
2.04 
2.92 
L 
0.500 
0.562 
12.70 
14.27 
L, 
0.250 
- 
6.35 
L2 
0.110 
- 
2.79 
¢P 
0.139 
0.153 
3.53 
3.89 
Q 
0.100 
0.135 
2.54 
3.43 


NOTES: 


1. These 
dimensions 
are 
within 
allowable 
dimensions 
of 
revision 
J of JEDEC TO·220AC 
outline 
dated 
3-24-87. 
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SYMBOL 
INCHES 
MILLIMETERS 
NOTES 
MIN. 
MAX. 
MIN. 
MAX. 


A 
0.170 
0.180 
4.32 
4.57 


b 
0.470 
0.500 
11.94 
12.70 


c 
0.048 
0.052 
1.22 
1.32 


c1 
0.016 
0.020 
0.41 
0.51 


0 
0.580 
0.594 
14.73 
15.09 


01 
0.330 
0.350 
8.38 
8.89 


E 
0.405 
0.415 
10.29 
10.54 


E1 
0.28 
0.32 
0.71 
0.81 


e 
0.057 
0.077 
1.45 
1.96 


L 
0.530 
0.575 
13.46 
14.61 


tJ>P 
0.139 
0.149 
3.53 
3.78 


Q 
0.107 
0.117 
2.72 
2.97 


INCHES 
MILUMETERS 


SYMBOL 
MIN. 
TYP. 
MAX. 
MIN. 
TYP. 
MAX. 


A 
0.160 
- 
0.190 
4.06 
- 
4.83 
Al 
0.080 
- 
0.085 
.03 
- 
2.16 
b 
0.029 
- 
0.039 
0.74 
0.99 
- 
c 
0.014 
- 
0.024 
0.36 
0.61 
- 
D 
0.575 
- 
0.625 
14.61 
- 
15.88 
E 
0.390 
- 
0.410 
9.90 
- 
10.42 
E1 
- 
0.200 
- 
- 
5.08 
- 
e 
0.062 
0.072 
- 
1.57 
1.83 
- 
e1 
0.129 
0.139 
- 
3.28 
3.53 
- 
e2 
- 
0.030 
- 
- 
0.76 
- 
F 
0.048 
- 
0.052 
1.22 
- 
1.32 
H 
- 
0.245 
- 
- 
6.22 
- 
Hl 
0.340 
- 
0.370 
8.64 
- 
9.40 
H2 
- 
0.160 
- 
- 
4.06 
- 
11 
- 
0.105 
- 
- 
2.67 
- 
j2 
0.168 
- 
0.188 
4.27 
- 
4.78 
13 
0.320 
- 
0.340 
8.13 
- 
8.64 
L 
0.400 
- 
0.430 
10.18 
- 
10.92 
L1 
0.600 
- 
0.620 
15.24 
- 
15.75 
L2 
0.680 
- 
0.710 
17.27 
- 
18.03 
l3 
0.825 
- 
0.845 
20.96 
- 
21.46 
L4 
0.876 
- 
0.896 
22.25 
- 
22.76 
<l>P 
0.148 
- 
0.153 
3.76 
- 
3.89 
a 
- 
0.107 
- 
- 
2.72 
- 


TERMINAL 
CONNECTIONS 


Lead No. 
1 
- 
Gate 
Lead No. 
2 
- 
Current sense 
Lead No. 
3 
- 
Drain 
Lead No. 
4 
- Source Kelvin 
Lead No. 
5 
- Source 
Mounllng Flange 
- Drain 
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INCHES 
MIWMETERS 


SYMBOL 
MIN. 
TYP. 
MAX. 
MIN. 
TYP. 
MAX. 


A 
0.160 
- 
0.190 
4.06 
- 
4.83 
Al 
0.080 
- 
0.085 
.03 
- 
2.16 
b 
0.029 
- 
0.039 
0.74 
0.99 
- 
c 
0.014 
- 
0.024 
0.36 
0.61 
- 
0 
0.575 
- 
0.625 
14.61 
- 
15.88 
E 
0.390 
- 
0.410 
9.90 
- 
10.42 
El 
- 
0.200 
- 
- 
5.08 
- 
e 
0.062 
0.072 
- 
1.57 
1.83 
- 
el 
0.129 
0.139 
- 
3.28 
3.53 
- 
e2 
- 
0.030 
- 
- 
0.76 
- 
F 
0.048 
- 
0.052 
1.22 
- 
1.32 
H 
- 
0245 
- 
- 
622 
- 
Hl 
0.340 
- 
0.370 
8.64 
- 
9.40 


H2 
- 
0.160 
- 
- 
4.06 
- 
)1 
- 
0.105 
- 
- 
2.67 
- 
)4 
0.221 
- 
0.251 
5.61 
- 
6.38 


L5 
0.726 
- 
0.746 
18.44 
- 
18.95 
L6 
0.143 
- 
0.163 
3.63 
- 
4.14 
cl>P 
0.148 
- 
0.153 
3.76 
- 
3.89 
Q 
- 
0.107 
- 
- 
2.72 
- 


Leed No. 
1 
- Gate 
Leed No. 
2 
- 
Current5ense 
Leed No. 
3 
- 
Drain 
Leed No. 
4 
- Source Kelvin 
Leed No. 
5 
- Source 
Mounting Flange 
- Drain 


SYMBOL I 
INCHES 
MILLIMETERS 
NOTES 
MIN 
MAX 
MIN 
MAX 


A 
0.180 
0.190 
4.57 
4.83 


Al 
0.090 
0.115 
2.30 
2.92 


b 
0.046 
0.056 
1.17 
1.42 


bl 
0.060 
0.083 
1.52 
2.11 


b2 
0.095 
0.105 
2.41 
2.67 
c 
0.020 
0.026 
0.51 
0.66 
0 
0.800 
0.820 
20.32 
20.83 


E 
0.610 
0.625 
15.50 
15.88 
e 
0.219 
BSC 
5.56 BSC 


L 
0.620 
0.635 
15.75 
16.13 


Ll 
0.145 
0.150 
3.68 
3.81 


cpP 
0.138 
0.146 
3.45 
3.71 
cpR 
0.195 
0.205 
4.95 
5.21 


S 
0.210 
0.220 
5.33 
5.59 


NOTES: 


1. Lead dimension 
(Without solder). 


2. Add typically 0.006 inch for solder coating. 


3. Lead and body finish uncontrolled 
in L1 


INCHES 
MILLIMETER 
SYMBOL 
MIN. I 
NOTES 
MIN. 
MAX. 
MAX. 


A 
.300 
I 
- 
7.621. 
- 
B 
.100 NOM. 
2.54 NOM. 


C 
.013 
.017 
.34 
.43 
0 
.020 
.024 
.51 
.60 
E 
.035 
.045 
.89 
1.14 
F 
.140 
.160 
3.56 
4.06 
G 
.160 
.180 
4.07 
4.57 
H 
.194 
.198 
4.93 
5.02 
J 
.124 
.134 
3.15 
3.40 
K 
.034 
.044 
.87 
1.11 
L 
.238 
.248 
6.05 
6.29 
M 
0' 
15' 
O' 
15' 


N 
.085 
.095 
2.16 
2.41 


INCHES 
MILLIMETERS 
SYMBOL 
NOTES 
MIN 
MAX 
MIN 
MAX 


A 
0.086 
0.094 
2.184 
2.388 
A, 
0.035 
0.045 
0.889 
1.143 
b 
0.027 
0.033 
0.686 
0.838 
b, 
0.033 
0.040 
0.838 
1.016 
b2 
0.205 
0.215 
5.207 
5.461 
c 
0.Q18 
0.022 
0.457 
0.559 
c, 
0.Q18 
0.022 
0.457 
0.559 
0 
0.235 
0.245 
5.969 
6.223 
E 
0.250 
0.265 
6.350 
6.731 
e 
0.090BSC 
2.286BSC 


L 
0.355 
0.375 
9.017 
9.525 
L, 
0.075 
0.090 
1.905 
2.286 
L2 
0.035 
0.050 
0.889 
1.270 
L, 
0.045 
0.060 
1.143 
1.524 
1 
I 
I 
I 
I 
J t: 
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Nole.: 
1. Refer 10 eppllceble 
.ymbot 
11.,. 
2. Dlmenalonlng 
end loleranclng 
per ANSI Y14.5.M. 
1812. 
3. Gle •• menlacua 
Included 
In Dim. D end 
E. 
4. Conlrolllng 
dlmenalon: 
Inch. 


INCHES 
MILLIMETERS 
SYMBOL 
MIN 
MAX 
MIN 
MAX 
NOTES 


A 
0.086 
0.094 
2.184 
2.388 
A, 
0.035 
0.045 
0.889 
1.143 


b 
0.027 
0.033 
0.686 
0.838 
b, 
0.033 
0.040 
0.838 
1.016 


b2 
0.205 
0.215 
5.207 
5.461 
c 
0.018 
0.022 
0.457 
0.559 
c, 
0.Q18 
0.022 
0.457 
0.559 
0 
0.235 
0.245 
5.969 
6.223 
0, 
0.190 
. 
4.826 
. 
2 
E 
0.250 
0.265 
6.350 
6.731 
E, 
0.170 
4.318 
- 
2 


e 
0.090 ese 
2.286 ese 
e, 
0.180 ese 
4.572 ese 


H 
0.370 I 0.410 
9.398 110.41 


l 
0.020 typ 
0.508 typ 
3 


l, 
0.0251 0.040 
0.635\1.016 
l2 
0.035 
0.050 
0.889 
1.270 
l3 
0.045 
0.060 
1.143 
1.524 
1 


1. 
lead dimension 
uncontrolled 
in L3• 
2. 
0, and E, establishes 
a minimum mounting 
surface for 
terminal 4. 
3. 
l is the terminal length for soldering. 
4. 
Controllingdimension: inch. 


YMBOL 
INCHES 
MILLIMETERS 
NOTES 
MIN. 
MAX. 
MIN. 
MAX. 


A 
0.248 
0.280 
8.32 
8.80 


A1 
0.040 
0.050 
1.02 
1.27 


A2 
0.150 
BSC 
3.'1 
BSC 
q>b 
0. 
035 


1 
0.045 
0." 


1 


1.14 
D 
0.710 
0.100 
20.07 
20.32 
3 


Dl 
0.535 
0.545 
13.58 
13.'4 


e 
O.l50BSC 
3•• 18SC 
E 
0.535 
0.545 
13.58 
13.'4 
3 


L 
1.185 
1.231 
30.35 
31.40 


Ll 
0.185 
0.115 
1•••• 
lUO 
.p 
0.138 
0.148 
3.53 
3.7' 


i-- 2 SCREWS,6-32 
fit· 
DF377A 
~ 
MICA INSULATOR 
e 
'" 


'" 
HEATSINK 
Q 


ICHASSISI 


DF378F 
o 
0 
2 NYLON INSULATING 
e 
BUSHINGS 
e----- 


I. D. - 0.156 in. (4.00 mm) 
SHOULDER DIA. - 0.250 in. 
16.40mm) MAX .• 


2 METAL WASHERS@) 
~~~~nE71T2~1~~~~~x. 


2 LOCK WASHERS@ 


2HEX.NUTS@ 


:1 SOLDER LUGS~ 


2HEX.NUTS@ 


i....----- 
SCREW, 
4-40 


INTERLEADSPACING/ 
= 165 
MILS 
NOM. 


DF547A 
MICA INSULATOR 
HOLE CIA. = 0.088-0.093 
IN. 


(2.24-2.36 
mm) 


METAL WASHER 


LOCK WASHER 


HEX 
NUT 


SOLDER 
lUG 


DF546A 
INSULATING 
SHOULDER 
WASHER 
~to.=O.118IN.(3,OOmml 
SHOULDER 
CIA. = 
@) 
0.150 
IN. 
3.8 
(mm) 
MAX, 


@ 
@ 


~ 


DF378F 


~ 


2 NYLON 
INSULATING 


BUSHINGS 
1.0. 
= 0.156 
(4.00) 


SHOULDER 
DIA. 
= 0.250 


~ 
(6.40) 
MAX., 


2 MET AL 
WASHERS 
~ 
SHOULDER 
THICKNESS 
~ 
= 0.050 
(1.27) 
MAX. 
2 LOCK 
WASHERS 
~ 


2 HEX. 
NUTS ,@ 


1 SOLDER 
LUG 
~ 


2HEX. 
NUTS ® 


i-- SCREW,6-32 


~ 
NR231A 


~ 
RECTANGULAR METAL 
~Q.. 
;~~~~~,~:.,.,. 
e 
(3.68-3.58 mml 


•• 


~ 


•• 
HEATSINK 
e 
(CHASSIS) 


DF378F 


INSULATING 
SHOULDER WASHER 
e-- 
~'~o~~'6~~ 
'~I~'~O mm) 


METAL 
WASHER 
@) 
0.250 
in. 
6.351mml 
MAX. 


LOCK WASHER @ 


HEX 
NUT @ 


SOLDER LUG a!. 


HEX 
NUT 
@ 
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General 
- 
Since the external epoxy portions of the TO- 


251AA and TO-252AA surface-mounted devices are much 
smaller than on conventional transistor packages, these 
devices are often more susceptible to high-temperature! 
high-humidity 
conditions. Thus, these surface-mounted 
devices should be coated or encapsulated when used in 
high-temperature!high-humidityenvironment. 


Preheating 
- 
Both TO-251AA and TO-252AA "O-Pak" 


transistors must be preheated prior to being mounted on 
circuit boards. There are several methods of preheating, 
inclUding use of an infrared heat panel, parabolic infrared 
lamp, or hot air circulation. 
Preheat the devices at 100- 
150°C for two minutes, raising the temperature as gradU- 
ally as possible, since the device pellets may be damaged 
by an abrupt thermal shock. 


Soldering 
- 
Both TO-251AA and TO-252AA transistors 
are specified for 250°C solder temperature for 20 seconds 
duration. 
It is important to use a solder with a melting 
temperature of 190°C or lower. In general, soldering con- 
ditions range from 220-240°C for 3-5 seconds. 


When using molten solder in the metal mask method, 


avoid uneven printing and deformation. 
Recommended 


uniform solder printing thickness is at least 20011mto 
ensure lead wire solderability. 


When using a soldering iron to mount a device to the cir- 
cuit board, care should be taken to avoid damage and! 
or dislocation of the device. (For this reason, soldering 
irons are recommended only for experimental or repair 
work.) For proper bonding, the soldering iron tip should 
be 1mm or less in diameter, and 250°C for 3 seconds or 
less. Never touch the epoxy package with the soldering 
iron. 


Figures 1 and 2 show the relationship between soldering 
temperature and preheating time for various device mount- 
ing procedures. 


Flux removal 
- 
After surface-mounted devices have been 
soldered to the circuit board!substrate, excess flux must 
be removed to prevent corrosion of the device and lead 
wires. Organic flux may be removed by rinsing; but inor- 
ganic flux must be cleaned with an olefin cleaner such as 
Freon TE or Oi-Freon Solvent S3-E. 


Preheating 
Soldering 
Gradual cooling 
Preheating 
Soldering 
Gradual cooling 


300 
(in the atmosphere) 


300 
<inthe atmosphere) 


250 


~ 
200 
~ 


'" 
150 
'" 
•.. 
•.. 
::l 
::l 
f 
100 
f 


'" 
~ 
0. 
E 
E 
~ 
50 
~ 


0 


2 min. or more 
20 sec. 
2 min. or more 
or less 
20 sec. or less 


Fig. 1- 
Solder dip method. 
Fig. 2 - 
Ref/ow solder method. 


I Surface-Mounted 
Devices Power Dissipation Considerations 
, 


Maximum power dissipation for the TO-251AA is 1W; 
however, when the TO-252AA is mounted directly to a 
ceramic substrate, the power dissipation is increased to 


2-3W. Figure 3 illustrates the maximum power dissipation 
for either the D72F5T1or the D73F5T1transistor mounted 
to a ceramic substrate. 


4 


c0 
5 X OXO.811l111 
.~ 3 
.~.,:a.. 


30X30 
1 
x6.8 
.,~ 
0 
2 
a..,:0 
•• 
Single unit 
~ 
.Q 
of transistor 
:;;: 
I 


0 
0 
20 
40 
60 
80 
100 
Ambient temperature 


I piece per board 
TA = 25°C Mounted 
on ceramic substrate 


Certain circuit designs (such as motor drives and flash cir- 
cuits) require devices to be rated for transient conditions 
as well as for their overall power dissipation capability. 


The relationship between maximum power dissipation and 
pulse width 
under transient conditions 
for typical TO- 
251AA devices is shown in figure 4. 
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